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ECONOMIC ANALYSIS ON THE 
IMPACTS OF CLIMATE CHANGE IN 
THE MARESME COAST  
RESUM 
L’objectiu principal d’aquesta tesi és desenvolupar una metodologia per a quantificar els 
impactes del canvi climàtic a nivell local i per a expressar aquest resultat en termes econòmics. 
En particular, aquest treball considera Catalunya, Espanya, i calcula les pèrdues totals 
econòmiques que el canvi climàtic pot representar sota un escenari específic per quatre zones 
costeres vulnerables del Maresme, la comarca al nord de Barcelona. 
El capítol 2 identifica els efectes del canvi climàtic que s’han de considerar per a calcular les 
pèrdues totals econòmiques a zones costeres. Basant-se en el coneixement científic actual, 
intenta presentar les línies de tendència del passat i escenaris pel futur tant a nivell global com 
al local, per tal d’establir la magnitud dels canvis identificats a escala mundial. No obstant, deixa 
de banda els impactes que es considera que no provoquin un dany significatiu a la línia del litoral, 
i conseqüentment els impactes estudiats són la temperatura de l’aire i dels oceans, la 
precipitació, la salinitat de l’aigua marina i el nivell del mar. 
En el tercer capítol, es presenta una revisió de la literatura per tal de preparar el 
desenvolupament d’una metodologia per a calcular els impactes del canvi climàtic. En aquest 
capítol, diversos estudis, informes i tesis es presenten per a donar una visió general de projectes 
que ja han encarat un problema similar, o que simplement puguin proporcionar eines pel 
següent capítol. 
Després de la revisió de la literatura i basant-se en els seus resultats, es proposa una 
metodologia en el capítol 4 per tal d’avaluar les pèrdues monetàries que el canvi climàtic pot 
suposar a nivell local. Es divideix seguint dues perspectives, pèrdues socioeconòmiques i 
naturals, i una de combinada per a subratllar la particularitat del cas de les platges. Pels impactes 
socioeconòmics, el valor de les construccions es suma al valor del sòl. També es té en compte 
les infraestructures de transport, donant un valor per unitat de longitud. Per les pèrdues 
naturals, s’utilitza el mètode dels serveis d’un ecosistema, considerant un ambient natural com 
una suma de funcions que representen un benefici per la societat de manera directa o indirecta. 
En el capítol 5 el cas d’estudi es presenta, on es consideren quatre zones costeres de la regió del 
Maresme. Seguint la metodologia presentada en el capítol anterior, primerament es realitza la 
identificació dels usos del sòl. Seguidament, es calculen les àrees i longituds de cada ús del sòl. 
El tercer pas és valorar en termes econòmics cada subàrea. A continuació s’adopta un criteri de 
malmès o no-malmès, i cada ús del sòl es considera o bé perdut pels impactes del canvi climàtic 
o bé roman no malmès. Finalment, les pèrdues totals es calculen pels quatre casos d’estudi 
sumant el valor de les àrees danyades. 
El sisè capítol presenta els resultats pels quatre casos d’estudi, així com una visió general de 
l’estimació de les pèrdues econòmiques total que el canvi climàtic pot representar a la regió del 
Maresme. El resultat apunta a una pèrdua de 962 M€, que representa el 30% del capital públic 
del Maresme. En aquest capítol, les limitacions d’aquesta tesi també es presenten, i es 
suggereixen àrees per futura recerca de les parts que cauen fora de l’abast d’aquest treball. 
  
RESUMEN 
El objetivo principal de esta tesis es desarrollar una metodología para cuantificar los impactos 
del cambio climático a nivel local y para expresar este resultado en términos económicos. En 
particular, este trabajo considera Cataluña, España, y calcula las pérdidas totales económicas 
que el cambio climático puede representar bajo un escenario específico en cuatro zonas 
costeras vulnerables del Maresme, la comarca al norte de Barcelona. 
El capítulo 2 identifica los efectos del cambio climático que se tienen que considerar para 
calcular las pérdidas totales económicas en zonas costeras. Basándose en el conocimiento 
científico actual, intenta presentar las líneas de tendencia del pasado y escenarios para el futuro 
tanto a nivel global como local, con tal de establecer la magnitud de los cambios identificados a 
escala mundial. No obstante, deja de banda los impactos que se considera que no provoquen 
un daño significativo a la línea del litoral, y consecuentemente los impactos estudiados son la 
temperatura del aire y los océanos, la precipitación, la salinidad del agua marina y el nivel del 
mar. 
En el tercer capítulo, se presenta una revisión de la literatura con tal de preparar el desarrollo 
de una metodología para calcular los impactos del cambio climático. En este capítulo, diversos 
estudios, informes y tesis se presentan para dar una visión general de proyectos que ya hayan 
encarado un problema similar, o que simplemente puedan proporcionar herramientas para el 
siguiente capítulo. 
Después de la revisión de la literatura y basándose en sus resultados, se propone una 
metodología en el capítulo 4 con tal de evaluar las pérdidas monetarias que el cambio climático 
puede suponer a nivel local. Se divide siguiendo dos perspectivas, pérdidas socioeconómicas y 
naturales, y una de combinada para subrayar la particularidad del caso de las playas. Para los 
impactos socioeconómicos, el valor de las construcciones se suma al valor del suelo. También se 
tiene en cuenta las infraestructuras de transporte, dando un valor por unidad de longitud. Para 
las pérdidas naturales, se utiliza el método de los servicios de un ecosistema, considerando un 
ambiente natural como una suma de funciones que representan un beneficio para la sociedad 
de manera directa o indirecta. 
En el capítulo 5 el caso de estudio se presenta, donde se consideran cuatro zonas costeras de la 
región del Maresme. Siguiendo la metodología presentada en el capítulo anterior, 
primeramente se realiza la identificación de los usos del suelo. Seguidamente, se calculan las 
áreas y longitudes de cada uso. El tercer paso es valorar en términos económicos cada sub-área. 
A continuación se adopta un criterio de daño o no-daño, y cada uso del suelo se considera o bien 
perdido por los impactos del cambio climático o bien permanece no dañado. Finalmente, las 
pérdidas totales se calculan para los cuatro casos de estudio sumando el valor de las áreas 
dañadas. 
El sexto capítulo presenta los resultados para los cuatro casos de estudio, así como una visión 
general de la estimación de las pérdidas económicas totales que el cambio climático puede 
representar en la región del Maresme. El resultado apunta a una pérdida de 962 M€, que 
representa el 30% del capital público del Maresme. En este capítulo, las limitaciones de esta 
tesis también se presentan, y se sugieren áreas para futuro estudio de las partes que caen fuera 
del abaste de este trabajo.  
ABSTRACT 
The main aim of this thesis is to develop a methodology to quantify the impacts of climate 
change on a local level and to express this result in economic terms. In particular, this project 
looks at Catalunya, Spain, and calculates the total economic losses that climate change may 
represent under a certain scenario for four vulnerable coastal zones in the Maresme, a region 
north of Barcelona. 
Chapter 2 identifies the climate change effects which must be considered when calculating the 
total economic losses in coastal zones. Based on the current scientific knowledge, it attempts to 
present past trends and future scenarios in both the global and local level, in order to establish 
the magnitude of the reported global changes. However, it leaves aside the impacts which are 
considered not to damage the coastal line in a significant matter, and hence the studied impacts 
are air and ocean temperature, precipitation, sea water salinity and mean sea level. 
In the third chapter, a literature review is presented in order to pave the road for the 
development of a methodology to calculate the impacts of climate change. In this chapter, 
several studies, reports and thesis are presented to give an overview of projects which have 
already tackled a similar problem, or which simply may provide tools for the following chapter. 
Following the literature overview and based on its results, a methodology is proposed in chapter 
4 to evaluate the economic losses that climate change may have on a local level. It is divided 
following two perspectives, socioeconomic and natural losses, and a combined one underlining 
the particularity of the case of beaches. For socioeconomic impacts, the construction or 
buildings value is added to the land value. Transportation infrastructure is also accounted for, 
giving a per length unit value. As for natural losses, the ecosystem services approach is taken, 
by considering a natural environment as a sum of functions which represent a benefit to human 
society in a direct or indirect way. 
In the chapter 5 the case study is presented where four coastal zones of the Maresme region in 
Catalunya are studied. Following the methodology presented in the previous chapter, firstly, the 
identification of land uses is carried out. Then, the areas and lengths for each land use are 
calculated. The third step is to valuate in economic terms each subarea. Afterward a loss or 
unharmed criterion is adopted, in a similar way to pass/fail criteria, and each land use is 
considered to be lost to the impacts of climate change or to remain unharmed. Finally, the total 
losses are calculated in all four case studies by adding up the value of all the harmed areas. 
The sixth chapter presents the results for the four case studies, as well as a general overview of 
the estimated economic losses that climate change may represent for the Maresme region. The 
results point to a 962 M€ total loss, which represents 30% of the Maresme public capital. In this 
chapter, the limitations of this thesis are also presented, and future research is suggested in the 
areas that fall out of the scope of this study. 
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OBJECTIVES, METHODOLOGY AND MOTIVATION 
The objective of this thesis is to present a method that measures the effects of climate change 
on a local level and expresses the results in monetary terms. In particular, the method will be 
applied to the case of the Maresme, a region in Catalunya, Spain, where the traditional exposure 
to coastal flooding, given the population and construction density and also the coastal erosive 
dynamics, may see risk substantially increased when considering the climate change effects on 
mid to long run scenarios. 
Much has been written on global warming, but there are still large areas with high uncertainty 
degrees that feed the scepticism surrounding the whole subject. The literature will be used to 
provide the current state of affairs of certain variables that may be considered hazardous in a 
coastal environment. Past trends will be compared to future scenarios, in the global level but 
most importantly on the local scale, in order to establish the magnitude of the changes that are 
occurring and which may occur in the future. 
The method proposed in this thesis to evaluate economic losses due to climate change in coastal 
areas, will differentiate between socioeconomic and natural losses. The former consists of any 
urban assets such as buildings or industrial facilities, and also transportation infrastructure. The 
latter are natural ecosystems which will be evaluated by studying the services they provide to 
society and the environment. 
The results of this project will be compared to the region’s economic magnitudes, such as the 
public and private capital and the Gross Domestic Product. These will be the concepts that will 
be used as a benchmark to evaluate and contextualize total economic losses in the conclusions. 
Finally, the weak spots of the method must be identified, subsequently laying out the areas in 
which future research must be carried out, and also to point out the limitations of the current 
scientific and engineering knowledge available for similar economic assessment projects and 
thesis. 
Climate change is a topic that seems to surround our lives in a peripheral way. Although it is a 
matter of frequent discussion and is generally accepted worldwide as an existing threat, the 
impacts give the impression of being palpable a long way from our homes. It is my motivation 
to see what effects this global trend may have, not on the melting of the Poles or on the 
alterations of the habitat of an unknown species, but on the areas where my peers live and work. 
Is it possible to quantify the effects on sea level rise or on air temperature? Are we talking about 
minor scale impacts which may or may not have an effect on local activities? Or instead have 
the potential to cause repercussions that shake a significant part of the region’s economic 
activities? I attempt to present a methodology to give answers to these questions and which 
may be used in other regions facing similar problems. Although these may be questions left 
unanswered on a short term, I strongly believe an engineer must be able to adopt a general view 
to carefully plan engineering works taking into account the long term future scenarios.  
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1. INTRODUCTION 
Climate change is by no means a new subject of discussion and research, as it has been a matter 
of much debate over the last decades. The Kyoto Protocol, signed in 1997, was a result of the 
United Nations Framework Convention on Climate Change, which took place five years earlier 
in Rio de Janeiro. This international treaty set the stage for the coming decades, and since then 
climate change has developed into a topic surrounded by much expectation and opinions. The 
treaty commits its State Parties be setting internationally binding emission reduction targets, 
and it is still in force, signed by 192 parties, although some States have made a partial 
commitment rather than signing the entire treaty. 
Nevertheless, in recent years the debate on the existence of such a change has been mainly 
dispelled, as the scientific community has provided sufficient proof in numerous fields pointing 
to a clear intensification of anthropogenic gas emissions. Having already certified the existence 
of a change which is rising global temperatures among other effects, the aim is now to, if 
possible, lower the uncertainty of the magnitude of such impacts. 
This has proven to be a much more challenging task for scientists, which are gathering all the 
available data across the globe to analyse past trends in variables such as mean sea level, air 
temperature, frost and drought seasons, the change in habitat of fauna and flora or the variation 
on the ice sheet surface. This is used to create future scenarios, and to forecast global or regional 
impacts. 
When considering the time scale, uncertainty grows. Although it may have been seen as a distant 
threat in the past, recent polls suggest that a global median of 51% say climate change is already 
harming people around the world, while another 28% believe it will do so in the next few years 
(Pew Research Center 2016). The quantification of climate system responses is challenging and 
oftentimes lacks sufficient data to reduce uncertainty levels, but stakeholders are now aware 
the effects are at our doorstep, if not already palpable. 
Some might underestimate the effects this worldwide trend might have on a local level. Despite 
the detected changes’ spatial variability, it is certain that on the long run most regions on the 
planet will be affected one way or another. Regional administrations are, slowly, taking into 
account a long term perspective which includes climate change as a major forcing factor. 
In Southern Europe, the effect of major concern is arguably sea level rise. This is a rising worry 
for coastal communities, which may see their homes and assets at risk. The Netherlands, the 
pioneers on coastal flooding protection, are already taking into consideration climate change to 
design their protection measures. Researchers’ advice is that adaptation is crucial to keep the 
negative impacts of sea level rise at an acceptable level. This may well imply that some European 
countries will need to adopt a coastal management policy that is more integrated and more 
forward looking than is currently the case. The current beach nourishments, seawalls, dikes, 
breakwaters, closure dams or other protective measures might prove insufficient in the not-so-
distant future. 
At the same time, exposure is also being increased. More than a billion people live in low-lying 
coastal regions. Tempted by the numerous economic activities developed along the coastal strip, 
the population is migrating seaward. Today, one third of the EU population lives within 50 km 
of the coast, and the GDP generated by this population amounts over 30% of the total EU GDP 
(European Commission 2016). 
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In Spain, coastal communities concentrate a big part of the population and its economic 
activities. The Mediterranean has been where new housing projects have developed more 
intensely, accumulating unprecedented stock in the years preceding the financial crisis of 2007-
08. 
In the Maresme, the region north of Barcelona, climate change can potentially cause a great 
damage on its coasts. The coast is formed by sandy beaches where an erosive pattern has been 
evident for some time. Despite the Mediterranean being considered a sea with mild wave 
climate, coastal flooding has a long history in the Maresme coast. This has caused the frequent 
flooding of boardwalks or other structures located along the beaches, and severe flooding of 
urbanized areas, even occasional fatalities have resulted. 
In response, groins and detached breakwaters have been built to counterbalance the coastal 
dynamics. Beach nourishment in the Maresme has represented the most volume of sediment 
destined to coastal protection in Catalunya, with 10,000,000 m3 of sediment placed between 
1987 and 2007 (Guillén 2008). 
A significant percentage of the region’s economy depends on tourism and port activities, which 
results in the majority of the population living along the coastal line. Municipalities are not the 
only assets to be located next to the sea, as transportation infrastructure has a strong presence 
too. Infrastructure represents in Spain 15.3% of the total productive assets, and 13.3% in 
Catalunya, which means public administration will be eager to ensure their protection. 
In the Maresme, two pieces of infrastructure are under direct threat: the N-II highway and the 
R1 interurban train, which connects the region with the metropolitan area of Barcelona. Both of 
these run along the coastline, separating the municipalities from their beaches, and favouring 
from a more accessible topography to avoid Catalunya’s littoral mountain ridge. 
All in all, the Maresme constitutes a vulnerable region to hazards such as coastal flooding. There 
is much at stake, with municipalities which lie just outside of Barcelona’s metropolitan region 
and transportation infrastructure the main assets at risk. 
Under these conditions, today’s society finds itself in a difficult situation. On one hand, climate 
change is likely to increase the risk factor on humanity and its assets by endowing already 
existing hazards with more power and force. On the other hand, exposure to these hazards is 
also on the rise, as coastal communities are growing and important infrastructure being built 
near the shores. 
In this thesis, the reader will find a methodology to evaluate and quantify climate change 
impacts on coastal municipalities. In chapter 2, the determination and quantification of climate 
change impacts is carried out, to number out the most influencing factors which must be taken 
into consideration. In chapter 3, a review of the literature is presented, in order to gather any 
report, thesis or project which may be of help when defining the methodology. In chapter 4, the 
method is presented. In chapter 5 the practical case is put forward, with four areas of the 
Maresme under study. Finally, chapter 6 presents the results and conclusions, but also 
encourages further research where needed. 
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2. ASSESSMENT AND QUANTIFICATION OF CLIMATE CHANGE 
Anthropogenically induced climate change has profound implications on the Earth’s ecosystems. 
Although a few sceptics still exist, science now shows with nearly utmost certainty that human 
activity is affecting the globe. The relationship between human performance and global 
temperature is a well-established fact by now. 
Nonetheless, there is growing concern on variables other than temperature such as 
precipitation, sea level rise or ocean salinity and acidification. In the last decades, intense 
research has been undergone to assess all the factors involved in climate change. 
In this chapter, an overview of the literature is presented, assessing all variables affected by 
climate change found in recent studies. For each variable, an attempt has been made to explain 
its changing process and its causes and consequences. Trends are shown for the entire planet, 
although emphasis is set on the Spanish coast and especially the Mediterranean, Catalan and 
Maresme coast. 
In the first part, the changes in the ocean are discussed. Secondly, the changes in the 
atmosphere and surface are presented. Aside from these two agents, ocean and atmosphere, 
there is another main body which may suffer significant changes: the cryosphere. Together, 
these three are the sections assessed in the literature. However, changes in the cryosphere have 
not been studied in this thesis as its alterations will not directly affect the Mediterranean coast 
in a significant manner. 
Additionally, a quantification of each variable is presented. Attending to the studied trends, 
scenarios have been suggested for the upcoming decades. The scenarios presented in this work 
correspond to those described in the Fifth Assessment Report (AR5) of the Intergovernmental 
Panel on Climate Change (IPCC), called the Representative Concentration Pathways (RCPs). They 
will be used in the following chapters to predict possible outcomes in the Catalan coast. 
These scenarios are four greenhouse gas concentration trajectories which describe possible 
climate futures. They are labelled after possible ranges of radiative forcing values in the year 
2010. Radiative forcing is defined as the difference between the incoming energy from the Sun 
absorbed by the Earth and the energy radiated back into space. All four trajectories are positive, 
which projects a warming system where insolation is greater than reflected energy. They are 
RCP2.6, RCP4.5, RCP6 and RCP8.5, which forecast a radiative forcing of values 2.6 W/m2, 4.5 
W/m2, 6 W/m2 and 8.5 W/m2 respectively by the year 2100.  
Scenario RCP2.6, the lowest of the four, describes a future where radiative forcing peaks at 3.0 
W/m2 and then converges to 2.6 W/m2; RCP4.5, the medium-low scenario, and RCP6, the 
medium-high scenario, stabilize at 4.2 and 6 W/m2 after 2100 respectively; and finally RCP8.5, 
the highest scenario, reaches 8.3 W/m2 in 2100 and keeps a rising trajectory. 
Hence, the aim of this chapter is to present the variables undergoing changes due to climate 
change which may have an effect on the Catalan coast. Once presented, the aim is to study 
global and local trends in the past decades, as well as to understand why these variables are 
changing. Furthermore, the scenarios suggested the IPCC are overviewed to forecast possible 
future pathways, whereas local projections are discussed to further predict their future 
variations. 
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Figure 1. Future expected changes of many components of the climate system. Source: (IPCC 2014) 
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Figure 2. Human activities' main consequences in climate change. Source: own elaboration 
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2.1. CHANGES IN THE OCEAN 
The ocean influences climate by accumulating and transporting large amounts of heat. Because 
of water’s low heat capacity, the changes observed in the oceans are generally slower than those 
detected in the atmosphere. For this reason, the ocean normally neglects short-term changes, 
and is a good indicator for long-term variability, which is why the ocean might be used as a 
benchmark for climate models, and in particular for climate change. 
Even if long-term measurements are essential for the correct analysis in the trends associated 
with the ocean, the literature has in some cases described maritime parameters in a precise 
manner. This has been enhanced with the introduction of modern technology which enables 
scientists to simulate plausible future scenarios. 
Shoreline systems are subject to a set of dynamics such as wave height, storm period and 
intensity, wave direction, main sea level or river sediment transport. Because of that, the coast 
is a highly dynamic system, which is vulnerable and fragile towards any external pressure, be it 
anthropologic or not. Climate change is one of the external pressures influencing coastal 
dynamics, and it is becoming more important of late. 
The ocean contains 50 times more carbon than the atmosphere (Sabine 2004) and is at present 
acting to slow the rate of climate change by absorbing about 30% of humans’ emissions of 
carbon dioxide from fuel burning, cement production, deforestation and other land uses 
(Mikaloff-Fletcher 2006). 
In this chapter, a brief study of the changes in the ocean caused by climate change are 
presented. A large amount of research exists on this topic. There is a large controversy 
concerning the ocean’s changes induced by climate change, hence the decision has been made 
to present an overview of the changes specified in the IPCC’s Fifth Assessment Report, which 
was finalized in November 2014. 
Hence, the changes to the ocean considered in this thesis are the same as the IPCC’s. The 
objective of this chapter is to briefly describe how these modifications are taking place globally, 
present the latest trends for the world’s oceans, but in particular to describe the change rates 
in the Spanish coast and especially in the Catalan coast along the Maresme. 
Although the IPCC describes numerous changes, this thesis only focuses on those who have 
direct and significant impact on the Maresme coast. For this reason surface fluxes, ocean 
circulation and ocean acidification have not been considered. The remaining parameters that 
have been studied are ocean temperature, salinity and sea level rise. 
 
2.1.1. Changes in ocean temperature 
Temperature is by and large the most frequent ocean variable analysed. Both the mix of 
instruments and the overall sampling patterns have changed in time and space (Boyer 2009), 
complicating efforts to determine long-term trends. Also, sparse data exists with a high 
variability degree. 
If greenhouse gas emissions rise, the intensity of ultraviolet radiation will also increase, leading 
to a gain in both air and ocean temperature. Changes in temperature can cause great damage 
to coastal ecosystems and maritime life. 
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Recent studies conclude that it is virtually certain that the first 700 meters of ocean are warming 
throughout the globe, although there is a clearer increase in the North Atlantic. Warming has 
occurred almost in every latitude and at every depth in the upper ocean. 
It has been concluded that the warming rate is 0.11ºC per decade in the upper 75 meters, 
whereas for the upper 700 meters it is estimated to be 0.015 ºC per decade. 
 
Figure 3. Temperature trend [ºC] for 1971-2010 in depths 0-700 m. Source: (Levitus 2009) 
 
Figure 4. Globally averaged temperature anomaly for 1971-2010. Source: (Levitus 2009) 
Below 700 meters data coverage is too limited prior to 2005 to produce reliable temperature 
trends. However, from 2005 to 2010 it is likely that depths from 700 to 2000 meters have 
warmed but no trend has been found for lower depths. 
According to the meteorological station in Estartit, located 100 km to the north of Mataró, water 
temperature has risen in the last decades at a rate of approximately 0.3ºC/decade. 
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Figure 5. Mediterranean Sea temperatures in Estartit. Source: (BAIC 2014) 
Taking into account these trends, the IPCC scenarios predict rising temperatures for the oceans’ 
surfaces. The warming varies considerably between the models, ranging from 1 to 3ºC. Mixing 
and advection processes gradually transfer the additional heat to deeper levels of about 2000 
m at the end of the century. Depending on the emission scenario, global ocean warming for the 
upper 1 km is predicted to be between 0.5 and 1.5ºC by the end of the 21st century. 
The response of ocean temperatures to external forcing comprises mainly two time scales: a 
relatively fast adjustment of the ocean mixed layer and the slow response of the deep ocean 
(Held 2010). Simulations with coupled ocean-atmosphere models suggest time-scales of several 
millennia until the deep ocean is in equilibrium with the external forcing (Li 2013). 
A study showed that all eight Mediterranean Sea sub-basins are projected to warm significantly 
(Shaltout 2013). This study further studied Mediterranean Sea temperatures under the IPCC 
scenarios. It concluded that the Mediterranean Sea displays significant season and spatial 
variability. 
Mediterranean water temperature is projected to warm during the 21st century, in accordance 
to the global forecast, especially in the summer. 
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Figure 6. Mediterranean Sea surface temperature scenarios with season variations. Source: (Shaltout 2013) 
The lowest scenario, RCP2.6, predicts a 0.5ºC increase in annual temperatures for the sea 
surface at the end of the 21st century. The medium scenarios predict 1.2 and 1.4ºC increases. 
Finally, the highest scenario, RCP8.5, forecasts the sea surface temperatures to increase by 
2.6ªC. Increases are predicted to be higher in the summer and lower in the winter, albeit positive 
for all seasons. 
Scenario Winter Spring Summer Autumn Annual 
RCP2.6 0.4 0.5 0.5 0.4 0.5 
RCP4.5 1.1 1.1 1.3 1.1 1.2 
RCP6 1.3 1.4 1.6 1.4 1.4 
RCP8.5 2.3 2.4 2.9 2.5 2.6 
Table 1. Change in Mediterranean Sea surface temperature (ºC) for the various RCP scenarios at the end of the 21st 
century. Source: (Shaltout 2013) 
Changes in the Liguro-Provençal-Catalan sub basin are expected to be slightly milder than in the 
Mediterranean. 
Scenario Winter Spring Summer Autumn Annual 
RCP2.6 0.4 0.4 0.4 0.4 0.4 
RCP4.5 0.9 1.0 1.2 1.0 1.0 
RCP6 1.1 1.2 1.6 1.3 1.3 
RCP8.5 1.9 2.1 2.7 2.3 2.3 
Table 2. Change in the L-P-C sub basin sea surface temperature (ºC) for the scenarios at the end of the 21st century. 
Source: (Shaltout 2013) 
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2.1.2. Changes in ocean salinity 
Salinity is defined as the measure of all salts dissolved in water. Salinity is usually measured in 
parts per thousand (ppt or ‰). The average ocean salinity is 35 ppt, which means that in every 
kilogram of seawater there are 35 grams of salt, which is mainly made up of sodium and chlorine. 
The ocean plays a pivotal role in the global water cycle: around 85% of evaporation and 77% of 
precipitation occurs over the ocean surface (Schmitt 2008). The horizontal salinity distribution 
of the upper ocean largely reflects this exchange of freshwater, with high surface salinity 
generally found in regions where evaporation exceeds precipitation, and low salinity found in 
regions of more precipitation. 
Ocean salinity has different patterns depending on depth. Sea surface salinity and deep ocean 
salinity are regulated by different factors and present different configurations. For the object of 
this study, only surface salinity will be studied. 
The amount of salt in the ocean is considered not to change over human time scales, hence 
salinity can only be altered by the addition or removal of freshwater. The addition of freshwater 
can come from an increase in precipitation or decrease in evaporation, whereas the removal of 
freshwater can come from an increase in evaporation or decrease in precipitation. River influx 
also plays a big role. Human built structures or other activities along rivers have also altered 
freshwater entering the oceans. 
For this reason, salinity changes are closely related to precipitation changes: places which will 
get wetter will have a decrease in salinity, yet regions which are predicted to get drier will see 
an increase in ocean salinity. Furthermore, the spatial pattern of surface salinity change is similar 
to the distribution of surface salinity itself: salinity tends to increase in regions of high mean 
salinity, where evaporation exceeds precipitation; and tends to decrease in regions of low mean 
salinity, where precipitation exceeds evaporation. 
 
Figure 7. (a) The 1995 – 2005 climatological-mean sea surface salinity. (b) Annual mean evaporation minus 
precipitation averaged over the period 1950 – 2000. (c) Sea surface salinity change over period 1950 – 2008. (d) Sea 
surface salinity difference over period 1975 – 2005. Source: (IPCC 2014) 
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As can be seen in the figure above, areas where evaporation exceeds precipitation have higher 
salinity values. Moreover, they also coincide with the regions that have seen a higher salinity 
increase. On the other hand, areas where precipitation dominates have lower salinity values, 
and they also coincide with higher salinity decrease regions. 
This is consistent with the scenarios proposed in (IPCC 2014), where in some regions an increase 
in salinity is forecasted, while in others it is the opposite which is estimated. 
 
Figure 8. Salinity changes under RCP 8.5. Mean change (2081-2100 minus 1986-2005). Source: (IPCC 2014) 
The Mediterranean is a high salinity sea, with an average salinity value of 38‰, increasing from 
East (37‰) to West (39‰). In a study for the Spanish Mediterranean coast, (Vargas-Yáñez 2010) 
showed that the sea’s upper layer presents salinity values around 38‰, and this value has an 
increasing tendency. 
 
Figure 9. Upper (0-200m), intermediate (200-600m) and deep (>600m) layer's salinity trends in the Western 
Mediterranean. Source: (Vargas-Yáñez 2010) 
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It has been seen that all layers present rising salinity values, especially the deep layer. This rise 
is more notable from the 90s. 
These changes, albeit of small proportion, are continuous in time and have been accelerated 
since the 1990s. The results are consistent, but there is not high confidence in the acceleration 
of the increase in salinity because of insufficient data. 
All in all, salinity is expected to continue rising in the Catalan coast due to lower precipitation 
and a higher water demand which will gather water from rivers. 
 
2.1.3. Changes in sea level 
Sea level rise is considered to be the main consequence of climate change, and has been 
thoroughly studied in the literature. Confidence levels over 90% have been reached concerning 
sea level rise, although it has been proved that such effects have a high regional variability. 
Today, sea level rise is one of the chief threats for coastal systems and low areas worldwide 
(Nicholls 2010). 
Mean sea level (MSL) is a slow but steady changing variable, as its most influencing factors are 
long-term consequences, and present a substantial cause-effect delay. 
Global mean sea level (GMSL) rise is fundamentally due to two factors: sea water thermal 
expansion and melting ice sheets. As radiation increases, the seas are heated and hence the 
water body expands, which leads to the sea level rising. On the other hand, increased 
temperatures lead to melting glaciers, which in turn causes the sea level to rise. 
The ocean’s thermal expansion is known to be responsible of about a third of the sea level rise 
observed in the 20th century until 1990. Since then, the melting of the Poles have become much 
more important (Meehl G.A. 2007). 
The heating of sea water occurs at a slower rate than that of the atmosphere. Thus, water 
thermal expansion is observed decades after the increase in air temperature, this is why GMSL 
is considered to be a slow-changing variable. Although there is high confidence levels on the 
effect water expansion has on mean sea level, there is insufficient proof about the effect of the 
poles melting. 
Computing GMSL can be done in one of two ways: by assessing tide gauge records or by satellite 
altimetry. The former comprehends many decades, even centuries, of tidal records; albeit with 
significant fluctuations in the measurements. The latter is a modern tool available since 1993 
which has lower fluctuations. 
Tide gauges show increasing sea level over the 20th century. Different approaches have been 
used to evaluate the trend of the 20th century GMSL rise from the available tide gauge data. 
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Figure 10. Yearly average GMSL reconstructed from tide gauges by three different approaches. Source: (IPCC 2014) 
The IPCC (Intergovernmental Panel on Climate Change) has compared different approaches, all 
of which point to very similar long-term trends, but with different variability. The conclusion is 
that from 1901 to 2010, the GMSL trend is 1.7 mm/year (1.5 to 1.9). This value has been left 
unchanged in the last two reports by the IPCC. 
Satellite altimetry has been used to further evaluate the sea level rise trend since 1993. 
According to this technique, the rate of GMSL rise from 1993 to 2010 is 3.2 mm/year (2.8 to 3.6). 
Both techniques, tide gauges and satellite altimetry, show that the rate of GMSL rise has 
increased over the last decades. There is high confidence in this result. 
When considering a local scale, it is more difficult to estimate sea level trends. Limited data, 
incoherent data sets, water circulation patterns or changing atmospheric conditions are some 
of the reasons why oftentimes local sea level data can be misleading. 
For instance, the sea level in Málaga was observed to descend from 1943 to the 1990s, contrary 
to the global trend. This was in fact due to the North Atlantic Oscillation, a weather phenomenon 
causing fluctuations in the difference of atmospheric pressure which varies over time with no 
particular periodicity. 
The meteorological station in Estartit, located 100 km to the north of Mataró, is the most 
complete station in the Catalan coast. A tide gauge collects sea level data since 1990. In the last 
25 years, it shows that mean sea level presents a clear positive trend. 
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Figure 11. Monthly mean sea level variation in Estartit from 1990 to 2014. Anomalies expressed in cm. Source: (BAIC 
2014) 
Data collections point to a +3.9 [2.6-5.2] cm/decade steady increase with a high confidence level. 
Sea level rise is believed to be true for all seasons, albeit larger in the winter and spring. This is 
due to the annual variations in air temperature and pressure affecting sea level. 
 Sea level trend [cm/decade] 
Winter +4.3 
Spring +4.5 
Summer +3.3 
Autumn +3.3 
Table 3. Seasonal sea level trend in Estartit from 1990 to 2014. Anomalies expressed in cm. Source: (BAIC 2014) 
These results are coherent with those detailed in AR5, as these showed a global mean sea level 
rise of +2 mm/year during the 1971-2010 period and a sharper increase, up to +3.2 mm/year 
during the 1993-2010 period.  
The scenarios for future global mean sea level rise are based on the projections and estimates 
of all the contributors to sea level change. The factors that play a part in sea level change have 
been studied independently and different models have come up with their likely future 
variations. Afterwards, all contributors have been summed to obtain the projection for global 
mean sea level rise. 
The contributors judged to be a factor in sea level change are: 
- The thermal expansion caused by an increased radiative forcing. 
- Melting glaciers 
- Melting of Greenland ice sheet 
- Melting of Antarctic ice sheet 
- Land water storage (i.e. dams) which would otherwise be returned to the sea 
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Figure 12. Projections for GMSLR for the four RCP scenarios and scenario A1B used in the previous IPCC report. 
Source: (IPCC 2014) 
All scenarios point to a sea level rise, as all the contributing factors also forecast a significant 
increase. 
 
Figure 13. Projections for GMSLR for the four RCP scenarios and its contributors. Source: (IPCC 2014) 
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Global mean sea level is predicted to rise from 44 cm to 74 cm by 2100. 
 RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5 
Global mean sea level rise 
in 2100 [m] 
0.44 [0.28 to 
0.61] 
0.53 [0.36 to 
0.71] 
0.55 [0.38 to 
0.73] 
0.74 [0.52 to 
0.98] 
Table 4. Global mean sea level rise in 2100 for the four RCP scenarios. Source: (IPCC 2014) 
As has been said, global and local sea level rise may differ significantly. As the past trends for 
these two variables may be dissimilar, future scenarios might also vary. Sea level rise presents 
notable spatial variability due to the ocean’s dynamical processes, movements of the sea floor 
or irregular water mass distribution following melting ice bodies. 
The Mediterranean Sea experiences variability in its different regions. It is a deep semi-closed 
basin, exchanging water with the Atlantic Ocean through the narrow Gibraltar Strait only. It is a 
concentration basin where evaporation greatly exceeds precipitation and river run-off. 
Therefore, salinity is one of the main physical parameters influencing thermohaline circulation 
and sea-level variability. 
European seas, except for the Baltic Sea, are projected to have similar sea level rise to the global 
average (Church 2001). This is coherent with the fact that global and Mediterranean mean sea 
level trends are similar, and thus many studies take the IPCC global scenarios as good 
Mediterranean estimates. 
 
2.2. CHANGES IN THE ATMOSPHERE AND SURFACE 
The evidence of climate change from observations of the atmosphere and surface has grown 
during the past years. It has been proven that the sources and sinks of greenhouse gases are 
imbalanced in a global scale, and so the atmospheric composition has changed. 
Since the Industrial Revolution in the 18th century, the emissions of these noxious gases has 
risen. This has resulted in worrying observations of the atmosphere pointing to an increase in 
the concentrations of the greenhouse gases targeted by the Kyoto Protocol. The two most-
contributing gases to radiative forcing, carbon dioxide and nitrous oxide, have risen by 40% (CO2) 
and 20% (NO2) since 1750. Methane (CH4) has increased at an alarming 150% rate in the same 
period, while hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride 
(SF6) have also rapidly increased, although they have less of an influence in radiative forcing.  
Indicators show that ozone concentration has declined in the last 30 years, although the decline 
has been stopped since the mid-1990s. However, ozone concentration remains 3.5% lower than 
before 1980.  
Aside from changes in the atmospheric composition, circulation of gases has also shown signs 
of change. Circulation features have moved poleward since the 1970s, although results show 
little robustness due to the spatial and time variability. 
These changes affect two vital atmospheric conditions: air temperature and precipitation. In this 
chapter, the changes derived from climate change observed and forecasted of these two 
variables are studied. 
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Each of these two cases start with a brief description of the changing process, continued by the 
presentation of the global and local trends found by various researchers or organisms. Finally, 
both global and local scenarios are described in order to forecast future changes. 
 
2.2.1. Changes in air temperature 
Heat-trapping gases emitted by industries, automobiles or other sources are warming the 
planet. The so called greenhouse gases are gases in the atmosphere which reduce the portion 
of solar radiation which is transferred back into space, hence retaining it inside the atmosphere. 
This effect is called the Greenhouse Effect. Because the heat and energy in the atmosphere 
increase, the air temperature also rises. Data shows that the 2001-2010 decade has been the 
warmest since 1880, the year when enough temperature records became available worldwide 
to calculate an average. 
In order to quantify uncertainty and to better understand global mean temperatures, climate 
change studies on atmosphere temperature separate land surface from sea surface air 
temperature. Nonetheless, both have been found to increase. 
The IPCC reports show that global land-surface air temperature has increased in the last two 
centuries, with the warming rate approximately double than that of ocean temperature. 
Several studies back this theory. In spite of the different approaches taken, the long-term 
variations and trends largely agree on the land-surface temperature increase after 1900. 
 
Figure 14. Global annual average land-surface air temperature anomalies relative to the 1961-1990 period 
according to four different data sets. Source: (IPCC 2014) 
There is high confidence in the rise of land-surface air temperature since the 19th century, and 
also in the fastened increase since the 1970s. Several independent data products support this 
conclusion. 
It has also been studied that temperature ranges have narrowed, as the minimum daily 
temperatures have increased on a faster rate than the maximum daily temperatures. However, 
a significant variability exists in this statement depending on the time period studied. 
As for sea surface temperature, there is also high confidence levels in its rise since the middle of 
the 20th century. 
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Figure 15. Global annual average sea-surface air temperature anomalies relative to the 1961-1990 period according 
to five different data sets. Source: (IPCC 2014) 
Overall, it has been seen that air temperature has increased, with the last 50 years increasing at 
almost double the rate of the last 100 years. Using combined data sets, it can be said that the 
first decade of the new millennium has seen approximately a 0.5ºC increase in respect to the 
1961-1990 period. 
 
Figure 16. Decadal global mean surface anomalies according to three different data sets and their uncertainties. 
Source: (IPCC 2014) 
All of the ten warmest years have occurred since 1997, with 2005 and 2010 being the tied-
warmest years ever registered. 
In the Mediterranean, recent trends in annual mean temperature slightly exceed the global 
average. Recent studies point to a very likely increase in the number of warm days, and a 
decrease in cold ones since 1950 in Europe. 
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According to the Servei Meteorològic de Catalunya, the meteorological agency in Catalunya, 
annual mean temperatures in Catalunya have increased following a rate of 0.23ºC/decade since 
mid-century. However, its data shows a higher increase in average highs (+0.28ºC/decade) than 
in average lows (+0.17ºC/decade). 
The global scenarios forecast rising temperatures in accordance with the latest trends 
worldwide. 
 
Figure 17. Projected changes in annual mean air temperature worldwide until 2060. Source: (IPCC 2014) 
All four IPCC scenarios show air temperature increases globally, although uncertainty grows with 
time. For longer term projections, uncertainty grows, but even so, still the four scenarios predict 
temperature increases. 
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Figure 18. Surface air temperature change for three different periods. The upper right number indicates the number 
of models used for the forecast. Source: (IPCC 2014) 
It is very likely that temperatures will continue to rise in the next decades in the Mediterranean 
region, both in the winter and in the summer. All four scenarios proposed by IPCC forecast a rise 
in temperatures in both the winter and summer seasons. 
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Figure 19. Temperature scenarios in December - February for the Mediterranean. Source: (IPCC 2014) 
 
Figure 20. Temperature scenarios in June - August for the Mediterranean. Source: (IPCC 2014) 
These increases will be slightly larger in the winter than in the summer. Air temperature 
increases range from 1 to 4ºC. 
 December - February June – August 
RCP2.6 +1.1ºC +0.7ºC 
RCP4.5 +2ºC +1.4ºC 
RCP6.0 +2.3ºC +1.7ºC 
RCP8.5 +3.8ºC +2.9ºC 
Table 5. Temperature increase scenarios for the year 2100 in the Mediterranean. Source: own elaboration on the 
basis of the data provided in (IPCC 2014) 
 
2.2.2. Changes in precipitation 
Global warming affects evapotranspiration, but this leads to two different stages: it is said that 
wet places tend to get wetter and dry places get drier. Because of this, wetter places will include 
Northern Europe, Eastern America or Northern and Central Asia. On the other hand, Southern 
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Africa and Asia or the Mediterranean are areas expected to get drier, where drought periods are 
expected to be longer. 
The last two reports from the IPCC show similar trends for global precipitation: an increase north 
of latitude 30ºN and a decrease in the tropics. According to four different data sets, global 
precipitation has increased. However, there is wide variation on the magnitude of the change, 
hence there is low confidence in any of the trends exposed. 
Data set 1901-2008 1951-2008 
CRU TS 3.10.01 (updated 
from (Mitchell 2005)) 
+2.77±1.46 -2.12±3.52 
GHCN V2 (updated through 
2011; (Vose 1992) 
+2.08±1.66 -2.77±3.92 
GPCC V6 (Becker 2013) +1.48±1.65 -1.54±4.50 
(Smith 2012) +1.01±0.64 +0.68±2.07 
Table 6. Global precipitation trend for 4 data sets. Trends in mm/year per decade. Source: (IPCC 2014) 
The region of Catalunya is located between latitudes 40ºN and 43ºN. For latitudes from 30ºN to 
60ºN, all data show an overall increase in precipitation with statistically significant trends. 
Data set 1901-2008 1951-2008 
CRU TS 3.10.01 (updated 
from (Mitchell 2005)) 
+3.82 ±1.14 +1.13±2.01 
GHCN V2 (updated through 
2011; (Vose 1992)) 
+3.23±1.10 +1.39±1.98 
GPCC V6 (Becker 2013) +3.14±1.05 +1.50±1.93 
(Smith 2012) +1.44±0.50 +0.97±0.88 
Table 7. Precipitation trend for latitudes 30ºN - 60ºN for 4 data sets. Trends in mm/year per decade. Source: (IPCC 
2014) 
However, as has been explained, there is a notable difference between predominantly dry or 
wet areas. Thus, spatial variability is a crucial aspect to bear in mind when explaining 
precipitation trends. 
In a local study, the Servei Meteorològic de Catalunya points to high variability in the 21st century 
for precipitation in Catalunya, with a slight predominance of dry years. This trend also presents 
a high spatial variability in the territory. 
Compiling data from 68 meteorological stations, the precipitation trend in Catalunya during the 
1950-2014 period was negative at -1.2%/decade (BAIC 2014). Nonetheless, there is little 
statistical significance in this result. Precipitation in the summer has been observed to be the 
one with a broader decrease. 
Precipitation change [%/decade] 
Winter -1.9 
Spring +0.2 
Summer -5.0 
Autumn +0.3 
Annual -1.2 
Table 8. Seasonal and annual precipitation change in Catalunya for 1950-2014. Source: (BAIC 2014) 
In accordance with the global trends of previous decades, forecasts for future global 
precipitation predict an increase in the majority of the globe. Nonetheless, as has been 
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explained, this increase is not uniform along the latitudes. In the subtropics, precipitation is 
expected to decrease, whereas in the higher and lower latitudes, as well as near the equator, 
precipitation is predicted to increase. 
 
Figure 21. Precipitation change in % for the period 2016-2035 under RCP4.5. Source: (IPCC 2014) 
It is likely that precipitation will continue to decrease in the next decades in the Mediterranean 
region, both in the winter and in the summer. All four scenarios proposed by the IPCC forecast 
a decrease in precipitation in both the winter and summer seasons, although the decrease in 
the summer is significantly larger. This ratifies the belief that drier areas or seasons will become 
increasingly drier. 
 
Figure 22. Precipitation scenarios in October-March for the Mediterranean. Source: (IPCC 2014) 
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Figure 23. Precipitation scenarios in April-September for the Mediterranean. Source: (IPCC 2014) 
As mentioned, all four IPCC scenarios forecast a precipitation decrease in the Mediterranean 
region, but the decrease is significantly larger in the summer. Whereas the worst scenario 
predicts a -12.6% decrease in the winter season, the forecast for the summer season extends to 
-25.7%, double the decrease. 
 October – March April – September 
RCP2.6 0% (no change) -1.8% 
RCP4.5 -3.7% -12.3% 
RCP6.0 -5.0% -15.4% 
RCP8.5 -12.6% -25.7% 
Table 9. Precipitation forecasted change for the Mediterranean according to the IPCC scenarios in the year 2100. 
Source: own elaboration on the basis of data provided in (IPCC 2014) 
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3. LITERATURE RESEARCH ON ECONOMIC EVALUATIONS OF 
CLIMATE CHANGE IN COASTAL AREAS 
In this chapter, a brief overview of the methodology used in similar studies and thesis found in 
the literature is presented. The objective is to show the short analysis carried out before deciding 
and setting forth the methodology used in this thesis to evaluate economic effects of climate 
change in coastal zones. 
Many studies exist describing the impacts of climate change, even presenting past trends and 
future scenarios for certain variables. Studies such as (IPCC 2014), (New York Academy of 
Sciences 2015), (Australian Government 2014) and (Cronin 2009) show global as well as regional 
effects to be considered due to the changes in climate and also highlight these changes might 
imply alterations of economic activities such as tourism, rural development or land use loss. 
Local and regional studies on economic impacts in coastal zones due to climate change exist 
based on the studies which forecast global warming effects in these areas. Some estimates use 
future scenarios found in the literature, like the ones used in this thesis, whilst others generate 
data of their own, either by using the appropriate measuring instruments or applying 
mathematical models. 
These estimates often diverge due to differences in the assumptions made in climate change 
studies, definitions of how the economy works, and data and sets employed. (Weyant 2000) 
identifies the following topics which are a matter of discussion and hence make economic 
estimates differ: 
- Projections of greenhouse gas emissions (current and future) 
- Climate policies put in place to achieve emissions reductions 
- Effects of advances in technology on greenhouse gas emissions 
- Degree of inclusion of the environmental impacts of climate change 
- Available choices when presented with rising energy prices 
Studies can measure the economic impacts of climate change using different economic 
indicators (Borisova 2014), such as resource costs, percent change in Gross Domestic Product 
(GDP), or a discounted present value of consumption. Economic models may differ by the range 
of environmental impacts considered, and the treatment of market and non-market impacts of 
climate change (Borisova 2014). Economics offers methods to value nonmarket impacts, and 
although these methods are widely used, they are controversial (Weyant 2000). These are a 
matter of much debate. 
The research of (ClimAID 2011) provides an overview assessment of the potential economic 
costs of climate change impacts and adaptations to climate change in eight major economic 
sectors in New York State, one of which is ocean and coastal zones. This review conducts a cost-
benefit analysis on all eight sectors, comparing the cost of annual incremental climate change 
impacts to the costs and benefits of annual incremental climate change adaptations. For coastal 
zones in the State of New York, the costs of climate change are expected to be between $416-
449 million while adaptation costs and benefits are estimated to be $29 and $116 million 
respectively by 2050. 
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In this research the only variable affecting coastal zones taken into account is higher flooding 
due to sea level rise. Although temperature and precipitation changes are also mentioned, they 
are considered to play a negligible role in coastal risk where marine ecosystems are not the focus 
point. To forecast the costs of coastal flooding associated to climate change, the damages 
occurred during the 1990 to 2009 period have been assessed, adding up only the insured 
damages. An average was taken and increased by 2.4% annually, a reasonable GPD growth 
estimate: these are damages without the impact of sea level rise. Using the results in (New York 
Academy of Sciences 2015), floods are predicted to become 10%-30% more frequent in the 
2020s and 40%-70% more frequent in the 2050s, according to low and high estimates of sea 
level rise. These factors are applied to the damages in order to yield estimates of the additional 
flooding damages brought about by climate change. 
Nonetheless, these would only account for the insured losses from storms, but the study also 
takes into consideration uninsured properties and facilities such as subways, bridges, recreation 
areas and natural areas. To estimate such losses, an approach of ecosystem services has been 
taken. Using valuation methods in the literature, mainly (Costanza 2006), coastal shelf, beaches, 
estuaries and wetlands have been valuated. It has then been estimated that 10% of natural areas 
and beaches will be lost due to sea level rise, so ultimately the total economic loss of non-built 
environment has been calculated and added to the insured losses. 
The study conducted by the Spanish Ministry of Agriculture, Food and Environment (Ministerio 
de Agricultura, Alim. y Medio Ambiente 2014) uses a similar methodology to quantify climate 
change effects on coastal zones. Using self-defined climate change projections, it calculates 
losses in the natural and socioeconomic systems. To predict the former, 80 wetland ecosystems 
along the Spanish coast are considered and using a digital model of the terrain, the area loss due 
to sea level rise is computed. The value of natural systems is then calculated using the database 
developed by the Ministry of Agriculture, Rural and Marine Development. However, there is one 
case thought to be of importance in the Mediterranean coast which has been studied separately: 
the Posidonia oceanica meadows. Given the rapidly increasing mortality rates of this seagrass 
species in rising temperatures, the conditions have been studied for longer heatwaves and an 
increase in sea temperature. The conclusion is that by 2050 only 10% of Posidonia oceanica will 
remain. 
On the other hand, socioeconomic systems are also valuated, although only in the Northern 
coast of Spain. Using the same model for calculating flooded areas, the affected population has 
been estimated and from that the affected GDP in that region. A special case has been 
developed to compute the effect sea level rise will have in northern Spanish ports, as higher 
wave heights will diminish the time that these infrastructures will be operable. 
The thesis (Casas 2013) calculates the effects that climate change has on wave climate in the 
Catalan coast and studies the effect this has on sediment transport, wave run-up and wave 
action on coastal structures by applying mathematical models widely used in coastal and marine 
engineering. Harbours are especially assessed by measuring increased wave agitation and also 
sediment transport. 
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In a regional assessment, (Stanton 2007) operate with two greenhouse gas emission scenarios, 
and calculate for both the potential impacts of climate change on Florida’s economy. The study 
focuses on the loss of tourism revenue, increased hurricane damages, the value of residential 
real estate that is at risk from sea level rise and increased costs of electricity generation as 
temperatures and air conditioning requirements rise. 
Impact of hurricanes were projected by estimating the current losses due to the average 
hurricane year and adjusting those numbers to the future scenarios considered, assuming that 
doubling atmospheric carbon dioxide results in doubling hurricane damages. Following the 
conclusions of another study, it was assumed that for every meter of sea level rise the economic 
damages from hurricanes double. For real estate losses, the authors assumed a given sea level 
rise and estimated the property at risk due to annual coastal flooding. 
This study estimates the increased costs in electricity, driven by the forecasted temperature 
increase. The authors simulate increases in population, per capita consumption and rises in 
temperatures, while maintaining the cost of new power generation plants and fuel prices. These 
assumptions lead to the conclusion that more gas, oil and coal plants would be needed, and 
hence implies an increase in electricity generation. 
On another study along the Florida coast, (Harrington 2007) focuses on the period 2006-2080 
and examines only sea level rise. The IPCC projections are considered as high-end estimates, 
whereas historical tidal gauge data from six stations give a low-end estimate. Given these sea 
level rise scenarios, the authors examine damage costs and per acre value of lands at risk in six 
coastal Florida counties for flooding events. 
The last two quoted studies estimate tourism loss by calculating the percent of tourists which 
would potentially stop going to Florida. The first step is to calculate the percentage of tourists 
during the winter season, being 19%. These are considered to visit Florida for reasons non-
related to the weather, as the winter is the coolest season. This figure is extrapolated to the rest 
of the seasons, and hence it is concluded that 76% (4 times 19%) go to Florida independent of 
the weather. Hence, 24% of yearly tourists would cease to go because of worse climate. After 
calculating the average spent by tourists in the region, the annual loss due to fall in tourism is 
computed. 
An Italian study (Carraro 2008) calculates the economic impact of climate change in its coasts by 
adding real estate and tourism losses. The former are estimated by using a local study which 
estimated real estate losses due to sea level rise, in terms of land value loss. Coastal tourism is 
also assessed by using the conclusion of (Galeotti 2004), which studied how extremely hot 
summers in Italy reduce tourism by 1.22% on average, using data for the 1986-1995 period. 
The study of (Holman 2005) looks at coastal flood plains in the United Kingdom where the 
defence structures are at, or below, a certain level, given by sea level rise projections. Based 
upon an analysis of observations of farmers’ behaviour and the opinions of agricultural advisors, 
specific thresholds of flooding frequency were identified at which different types of farming 
activity are abandoned. 
Following the analysis of the studies found in the literature, a methodology is developed to 
estimate climate change impacts in the Maresme coast. This methodology is presented in 
chapter 4. 
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In general, research often separates socioeconomic losses from natural losses. Socioeconomic 
losses evaluate the impacts on infrastructure, municipalities, industries and other urban areas 
by forecasting flooding in coastal areas, which are increased because mean sea level is rising. 
Although changes in the mean wave climate have little effect on the coast, storm surges and 
subsequent flooding can produce major economic setbacks. 
Tourism has also been assessed separately in some studies. These tend to calculate the benefit 
derived from such activities on coastal municipalities and diminish the annual flow of tourists 
due to increased temperatures. However, tourism will also be accounted for when estimating 
the value of beaches. 
As for natural losses, there is much debate on how to give a reasonable estimate. There does 
seem to exist consensus among some researchers that ecosystems cannot be valuated simply 
by calculating the human-economic activities deriving directly from it. Some studies attempt to 
valuate natural habitats by assessing the services provided, and calculating the indirect benefits 
they incur on human activity. 
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4. METHODOLOGY TO QUANTIFY THE ECONOMIC EFFECTS OF 
CLIMATE CHANGE IN COASTAL AREAS 
Climate change is expected to cause global, regional and local changes in many elements of the 
climate system. Some of the predicted changes and their associated impacts imply important 
ramifications for coastal communities. The effects of global warming already described in this 
thesis are expected to add to the already existing coastal hazards, which, in many regions, are 
already a major concern for local and regional administrations. 
Coastal areas are subject to numerous natural hazards due to their dynamic nature that range 
from beach and dune erosion to inundations and storms. In this context, risk is defined as the 
probability of a given hazard occurrence times the repercussions or impacts the same hazards 
has on the coast. The effects of climate change can potentially increase the magnitude and 
frequency of these hazards, and hence risk may also increase. Many of the processes observed 
in coastal areas are not considered problems on their own, as they are intrinsic to their nature. 
Nonetheless, the exposure of population settlements and their assets converts certain natural 
processes into problems. Coastal exposure to natural hazards has increased in the last decades 
due to the concentration of the population along the coastal line. 
Half of the cities on the planet are located less than 50 km from the shoreline, and population 
densities are on average more than 2.5 times higher than those of inland areas (Millennium 
Ecosystem Assessment 2005). In Catalunya coastal municipalities account for 44% of the total 
Catalan population. 
In Spain since the 1980s, and especially in the 1995-2007 period, the coast, and in particular the 
Mediterranean region, has experienced a high increase in the housing market. Data shows that 
more than 50% of new residential housing in the last years has been built in the Mediterranean 
coast (Olcina 2009). 
 
Figure 24. Territorial distribution of new housing in Spain 2002-2005. Source: (Ministerio de Fomento 2005) 
The enormous housing development in Spain is one of the main reasons behind the rise in 
vulnerability to coastal hazards. In numerous regions projects have been undertaken in highly 
exposed areas, especially to coastal flooding. 
9%
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The coastal line also concentrates a big part of the economic activities worldwide. Tourist 
activities, resorts, ports, airports or building complexes are some of the assets distributed along 
the shore. In the Mediterranean region, apart from important housing complexes being built, 
infrastructure or leisure spaces such as camping sites have been often placed near the shoreline. 
The impacts on transportation infrastructure are also a major concern. Ports are, for obvious 
reasons, located at highly exposed areas. They may be exposed to increased flooding and more 
frequent storm events. Additionally, seaports are generally located in estuarine areas where 
fresh-water rivers meet salt-water harbours. These fragile and critical nurseries for marine life 
demand a high level of protection from the effects of contamination and toxic-material release. 
They study of (Inoue 2011) compared the sea level scenarios given by IPCC with the operability 
of worldwide ports, and concluded that at the 2060 mark, 39% of ports would have an operating 
problem if the projections follow the mid to upper curve. 
For road transport infrastructures, weather stresses represent from 30% to 50% (8 to 13 billion 
€/year) of current road maintenance in Europe (European Commission 2012). About 10% of 
these costs are associated with extreme weather events alone, and although average 
precipitation-induced degradation of road transport infrastructures will only slightly increase in 
the future, more frequent extreme precipitations and floods are expected in Europe. This may 
be even more evident in Spain, where the authorities invest insufficient budget on roadway 
maintenance, which has derived in professionals alerting of the rapid decrease of maintenance 
levels below standard thresholds (Asociación Española de la Carretera 2012). 
In addition, the railway network may also be at risk. Apart from being subject to increased 
flooding derived from sea level rise, railroads are also subject to unique factors particular for 
this mode. Mainly, precipitation and fog lead to decreased visibility, warping of tracks due to 
uneven thermal expansion in the summer or extreme cold causing brittle track and track to 
separate (Rossetti 2002). Because of this, the International Union of Railways (UIC) started a 
project in 2009 called Adaptation of Railway Infrastructure to Climate Change (ARISCC) to gather 
existing knowledge about past and present weather in order to develop and manage the impact 
of climate on rail infrastructure.  
In short, both the risk and exposure of the coastal system have increased and are also expected 
to further rise in the future. On the one hand, risk is in the case studies in this thesis expected 
to rise due to the impacts of climate change and the challenging coastal dynamics of the 
Mediterranean region. On the other, recent trends show that coastal areas are subject a rise in 
exposure, as numerous economic activities are placed near the shore. 
The aim of this chapter is to provide a methodology to assess the potential economic losses due 
to the climate change impacts detailed in the previous chapters. 
As the assets placed in coastal areas have very different natures, different methods have been 
proposed to determine such economic effects. Firstly, there is socioeconomic loss in the form of 
hard assets, such as building complexes, infrastructure or industries. In this group the capital 
loss is predicted for material assets built by humans. 
Secondly, the losses for natural environments have been studied. In this second group a 
methodology to monetize the cost of ecosystems such as wetlands or deltas has been proposed. 
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Lastly, the cost of beaches has been analysed, in an attempt to examine the economic 
repercussions of beach width loss. Beaches have been studied separately because of their dual 
nature: while being an important economic asset around which many economic activities 
develop, they are also part of a natural ecosystem which provides services which are not so 
directly related to a human economic benefit, but rather an asset for society from an 
environmental point of view. 
 
4.1. QUANTIFYING SOCIOECONOMIC LOSSES 
Socioeconomic losses are defined in this thesis as the failure or forfeiture of human-built 
elements. Coastal areas are the location of many infrastructures, real estate and industries. To 
assess their loss related to climate change this thesis will look at sea level rise, as the other 
variables where significant changes will occur do not affect man-made structures. Salinity, 
temperature and precipitation changes are considered to have a negligible effect in coastal real 
estate loss or transportation infrastructure. 
In this section, the loss of capital will be considered when an area is affected by sea flooding, 
and hence the equation used to calculate capital losses is the following: 
𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑙𝑜𝑠𝑠𝑒𝑠 [€] = ∑ 𝐴𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎 [𝑚2]𝑖 ∗ 𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 [
€
𝑚2
]
𝑖
∗ 𝐹𝐶𝑖
𝑖
 
Where i is the land use, and FC is the failure coefficient, defined in the following manner: 
𝐹𝐶 = 1 , 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑖𝑠 ℎ𝑎𝑟𝑚𝑒𝑑  
𝐹𝐶 = 0 , 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑢𝑛ℎ𝑎𝑟𝑚𝑒𝑑 
Hence, firstly for each land use the affected area will be calculated and multiplied by the land 
valuation. If the land use is considered to be lost to the effects of climate change, then the failure 
coefficient will take a value of 1 and the losses will be added to the total capital losses. 
In the sections below, the methodology used to calculate human-built structures valuation in 
the Maresme coast and the affected area for coastal flooding owing to sea level rise are 
described. 
 
4.1.1. Land valuation 
The objective of this section is to present the real estate or other human-built structures 
appraisal methodology conducted in this thesis. To determine the land valuation in urban 
environments, the latest report on basic values of urban property in Catalunya will be used 
(Agència Tributaria de Catalunya 2016). In this annual report, the State Tax Administration 
Agency in Catalunya describes the values for real estate and urban soil. The value for a square 
meter of area is the sum of both components. 
𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 [
€
𝑚2
] = 𝑟𝑒𝑎𝑙 𝑒𝑠𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒 [
€
𝑚2
] + 𝑢𝑟𝑏𝑎𝑛 𝑠𝑜𝑖𝑙 𝑣𝑎𝑙𝑢𝑒 [
€
𝑚2
] 
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It should be noted that the expressed values do not take into account property speculation, and 
thus have a conservative nature. It is merely a quantification following Spanish law, and hence 
does not reflect market value in its whole state. Because of this, the values calculated will be the 
minimum values to be found in the market. A sales comparison approach would present higher 
prices. 
Real estate value is expressed by the parameter M, which expresses the cost of a residential 
construction square meter. This makes reference to a medium-category residential urban 
housing unit for which the following costs have been accounted for: building, industrial profit, 
technicians cost, licences and insurances of the building process. The parameter M is corrected 
in each case by coefficients for use and construction quality. 
Taking the minimum value for a building of such characteristics in Catalunya established in the 
Spanish royal decree, adding a 14% expenditure on the constructor, a 6% corresponding to the 
industrial profit of the business activity and a 10% for technicians, licences and insurances, the 
minimum value for M is 720€. 
The two correction factors are building typology and quality. Following the Spanish royal decree 
as well as recent technical reports, (Agència Tributaria de Catalunya 2016) gives values for both 
correction factors. The building typologies found in the report are different types of housing 
units, commercial and business buildings, hotels, industries, local businesses, swimming pools 
and sanitary, cultural, educational or sporting complexes. For each of them, a correction factor 
is presented that ranges from 0.1 (for gardens) to 1.35 (for hotels). 
The second correction factor is construction quality. For every real estate typology, 5 categories 
are presented: very good, good, medium, modest and very modest. The first category presents 
values ranging from 1.6 to 2, while the worst category is given values of 0.6 to 0.85. In this thesis, 
the medium quality will always be considered. 
The second term to calculate the square meter value is the cost of urban soil. The report by 
(Agència Tributaria de Catalunya 2016) is based on several real estate studies but the main 
information is the values declared by citizens used in state taxes. The report classifies 
municipalities into 14 categories depending on soil square meter value. The classification can be 
found in Annex I of (Agència Tributaria de Catalunya 2016). It then presents values for the 
different building typologies which also depend on the quality of the location. 
However, buildings are not the only human-built structure that may be vulnerable to climate 
change. The coastal line is home to many transportation infrastructures which take advantage 
of the more accessible coastal geomorphology to establish roadways, railways, ports and 
airports. 
To determine the value of roads and railways, the value of a kilometre of infrastructure is 
established and used for the whole of the road or rail line. Hence, the value applied to the assets 
will be the relation between the productive capital stock of Catalunya’s infrastructure over its 
length: 
𝑅𝑜𝑎𝑑 𝑘𝑚 𝑣𝑎𝑙𝑢𝑒 [
€
𝑘𝑚
] =
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑜𝑓 𝑟𝑜𝑎𝑑𝑠 [€]
𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑎𝑑 𝑛𝑒𝑡𝑤𝑜𝑟𝑘[𝑘𝑚]
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𝑅𝑎𝑖𝑙𝑤𝑎𝑦 𝑘𝑚 𝑣𝑎𝑙𝑢𝑒 [
€
𝑘𝑚
] =
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑜𝑓 𝑟𝑎𝑖𝑙𝑤𝑎𝑦𝑠 [€]
𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑎𝑖𝑙𝑤𝑎𝑦 𝑛𝑒𝑡𝑤𝑜𝑟𝑘[𝑘𝑚]
 
 
The productive capital stock is defined as the stock of a particular, homogenous, asset expressed 
in “efficiency units”. The importance of the productive stock derives from the fact that it offers 
a practical tool to estimate capital services (OECD 2001). 
In a study analysing transportation infrastructure endowment in Catalunya from an economical 
perspective, (Garola 2015) calculates the productive capital stock of roadway, railway, airports 
and ports infrastructures in all of the Spanish regions. The analysis uses the database of bank 
BBVA Foundation, which point to Catalunya being the region with the largest overall endowment 
in the country, given the great length of its transportation infrastructure. 
The values given in this study for productive capital stock of infrastructure in Catalunya, as well 
as the total length of the transportation net, will be used to calculate the road km value. 
Although it divides the total endowment in public and private funding, the overall value will be 
used, as the overall length of the transportation net will also be used. 
Other infrastructure such as ports and airports fall out of the scope of this thesis, as the case 
studies conducted analyse shorelines which do not hold this kind of infrastructure. 
Finally, the value for urban streets must also be assessed. This may also be obtained from the 
values presented by the Tax Agency in Catalunya, which gives values for the cost of urbanizing a 
square meter of soil. In the values given in (Agència Tributaria de Catalunya 2016), the cost of 
urbanising soil into a street are presented, considering also the costs associated with earthworks 
and planning and projecting the urbanization. 
The final values considered in the calculations that follow in this thesis, are found in Annex IV, 
which shows the land value where socioeconomic elements are found for each of the four 
municipalities considered in this thesis’ case studies. 
 
4.1.2. Affected area 
When evaluating socioeconomic losses due to climate change, of the variables studied in 
chapter 2, only sea level rise will be taken into account. 
It is considered that human-built structures, complexes or buildings will not be affected by 
temperature rise in the ocean or the air nor ocean salinity. These variables are unlikely to 
damage structures in a significant way. It is obvious that the sea variables will not influence the 
performance of such structures, as they are not in contact with seawater. On the other hand, a 
rise in air temperature is considered in this thesis to have a negligible effect on real estate and 
infrastructure. 
Precipitation changes may have an effect on these structures, as for example flooding due to 
intense precipitation is known to be a hazard of a high risk rate in the Catalan coast. However, 
this does not fall into the scope of this thesis, so it will not be considered. 
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Thus, the sole variable to consider when estimating the affected area in socioeconomic losses is 
sea level rise. Such phenomenon can have impacts such as intense flooding and submergence, 
increased erosion shorelines and drainage problems. Large coastal urban centres located on 
low-lying coastal areas prone to flooding, such as some areas in the Catalan coast, are vulnerable 
to sea-level rise. 
Initially, the coast may suffer episodic inundation, but later this may become permanent when 
vertical accretion is limited by lack of sediment input. High and low tide lines will advance 
landward, part of the present intertidal zone will become permanently submerged and, 
consequently, significant land loss is likely to occur (Paskoff 2001). 
Taking this into account, to calculate the affected areas in urban locations a study must be 
carried out to determine the vulnerable regions to an increase of mean sea level. There are 
numerous models that use topographic studies in order to forecast wave runoff and flooded 
areas. 
 
4.2. QUANTIFYING NATURAL LOSSES 
Natural losses are defined in this thesis as anything other than socioeconomic losses. This 
includes any kind of natural ecosystem which may be affected by climate change, and implies 
land uses which are not regarded so directly as economic assets for society. 
In contrast to socioeconomic losses, where climate change had an impact restricted to sea level 
rise, natural ecosystems are vulnerable to other factors such as air temperature, ocean 
temperature, precipitation or salinity, as well as sea level rise. It is hence a more complex 
problem to solve. 
To formula to calculate natural losses is in line with the one used to estimate socioeconomic 
losses, using the product of the region affected by the impacts of climate change and the land 
value. 
𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑙𝑜𝑠𝑠𝑒𝑠 [€] = ∑ 𝐴𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎 [𝑚2]𝑖 ∗ 𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 [
€
𝑚2
]
𝑖
∗ 𝐹𝐶𝑖
𝑖
 
Where i is the land use, and FC is the failure coefficient, defined in the following manner: 
𝐹𝐶 = 1 , 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑖𝑠 ℎ𝑎𝑟𝑚𝑒𝑑  
𝐹𝐶 = 0 , 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑢𝑛ℎ𝑎𝑟𝑚𝑒𝑑 
In a similar way to how socioeconomic losses are defined, this section starts out with the land 
valuation process, in which an environmental point of view is taken, in contrast with the more 
economic focus given in socioeconomic losses. Afterward, a definition is given, for each land use, 
in what is understood as the ecosystem failure. Although the failure of natural environments is 
a more abstract concept than the failure of a structure or building, this approach is maintained 
in this section. Another option would be to consider the proportions in which an ecosystem is 
damaged by climate change, but in this thesis a pass or fail criterion, a harmed or unharmed 
criterion, is taken for simplicity purposes. 
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4.2.1. Land valuation 
There are mainly two ways to determine the economic value of natural environments: by 
calculating its natural capital or by applying functions of nature. Natural capital is the sum of 
non-renewable resources, cropland, pastureland, forested areas and protected areas 
(Markandya 2006). Calculating an ecosystem’s economic value by measuring its natural capital 
is similar to calculating a company’s value by quantifying its stock. 
On the other side, applying functions of nature resembles the flow account in a business for a 
given period of time. Functions of nature or ecosystem functions can be defined as the capacity 
of natural process and components to provide goods and services that satisfy human needs, 
directly or indirectly (Groot 1992). Ecosystem functions provide benefits to the ecosystem itself, 
to other ecosystems and to human societies (Green 1994). It is a measure referred to a period 
of time, normally a year, of what a natural ecosystem generates simply by its existence (Garola 
2010). 
In this thesis, the ecosystem functions approach is taken as it covers a wider perspective of the 
quantification of natural environments problem. One reason of the under-valuation of coastal 
ecosystems is seeing the value of such systems only in terms of the raw materials and physical 
products they generate for human production and consumption. However, there is still a 
considerable lack of functions and values of natural ecosystems, and policy-makers have 
continued to take decisions and provide trade-offs based on incomplete information on the 
matter. 
The concept of Total Economic Value (TEV) has become one of the most widely-used frameworks 
for identifying and categorising ecosystem benefits or services (Costanza 1997). Instead of 
quantifying only easily observable commercial values, it also encompasses subsistence and non-
market values, ecological functions and non-use benefits. In brief, it presents a more complete 
picture of the economic importance of ecosystems. The Ecosystem Service Value (ESV) is the 
value given to a certain ecosystem by measuring the services it provides. 
The methodology used in this thesis is similar to that proposed by (Troy 2006) to estimate ESV. 
The approach consists of five basic steps: (1) identification of ecosystem services to be valuated; 
(2) study area definition; (3) land cover definition; (4) valuation of each land cover; (5) mapping 
land cover and value. 
The first step is to identify the services provided by an ecosystem that have a value for society. 
After doing a thorough literature research, (Brenner 2007) found the following 12 services, 
described with further detail in Annex I: atmospheric gas and climate regulation, disturbance 
regulation, freshwater regulation and supply, erosion control and soil formation, nutrient 
regulation or cycling, waste treatment, pollination, biological control, habitat, genetic resources, 
aesthetic and recreation, cultural and spiritual. 
Secondly, the study area will be defined. This may be a difficult task and one which might have 
strong repercussions on the ESV calculation, as small boundaries adjustments might have large 
impacts. The definition of coastal zone is a very controversial decision, as political issues and 
economic interests are at stake. Because of this, the definition of a coastal ecosystem might also 
prove challenging. 
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The third step of the method is to define the typology of land cover in the study area. The study 
of (Brenner 2007) found 12 land covers in the Catalan coast, divided into the marine domain and 
the terrestrial domain.  
The coastal and marine domain involves: 
- Continental shelf: underwater platform up to 50 m depth 
- Seagrass bed: seagrass or marine communities such as Posidonia oceanica 
- Beach and dunes 
- Saltwater wetland: marine water wetlands or lagoons 
The terrestrial domain is formed by: 
- Forests 
- Grassland: grass fields and abandoned cropland 
- Cropland: crop fields 
- Freshwater wetland: seasonal freshwater wetlands 
- Open freshwater: freshwater bodies such as rivers or lakes 
- Riparian buffer: vegetation growing along the banks of rivers 
- Urban greenspace: main urban parks and gardens 
- Urban: urban or industrial areas or other impervious zones 
Domain Land cover Area [ha] 
Coastal and marine 
Continental shelf 191,484 
Seagrass bed 8,568 
Beach or dune 4,098 
Saltwater wetland 2,494 
Subtotal 206,644 
Terrestrial 
Temperate forest 350,472 
Grassland 37,010 
Cropland 246,416 
Freshwater wetland 73 
Open freshwater 5,611 
Riparian buffer 2,558 
Urban greenspace 1,848 
Urban 71,589 
Barren 3,781 
Burned forest 2,778 
Mining ground 2,681 
Subtotal 724,816 
Total 931,460 
Table 10. Catalan coast land cover typology and surface. Source: (Brenner 2007) 
After this, a valuation of each different land cover used in step three is required. In the study of 
(Brenner 2007), an analysis was conducted of peer-reviewed empirical studies in order to extract 
ESV data associated with each land cover class. The Spanish Ministry of Agriculture, Food and 
Environment has also published a guide (Ministerio de Agricultura 2014) defining values for 
ecosystem’s services. However, the values found in (Brenner 2007) will be used in this thesis, as 
they are specific for the Catalan coast, although they will be updated to take into account 
inflation between the published dates of both thesis. The land cover values are presented in 
Annex II and displayed in the figure below. 
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Figure 25. Land cover values [€/ha*yr]. Own elaboration on the basis of data provided in (Brenner 2007) 
The final step is to analyse the study area and map out the existing land covers together with 
their value. 
 
4.2.2. Affected area 
In this section the procedure to consider areas affected by the impacts of climate change is 
explained. The objective is to, once the area has been economically valuated, define thresholds 
for which an ecosystem is considered to be lost to the impacts of climate change, which have 
been described in previous chapters. 
Although it is true that a slight change in climate may lead to a malfunctioning or handicap of an 
ecosystem, this will not be considered in this thesis, as there is no sufficient knowledge to 
attempt such approach. A pass/fail criterion is easier to understand when considering 
socioeconomic losses, as it is more accurate to determine thresholds and limits that separate 
when a structure is lost and when it remains unharmed. On the other side, natural ecosystems 
do not present this characteristic. It is more problematic to establish the limits between an 
unharmed ecosystem and a lost ecosystem. Nonetheless, due to lack of data or reliable studies, 
thresholds will be established to determine an ecosystem’s failure. 
Hence, the land covers detailed in Annex II are studied in relation to the impacts caused by 
climate changed described in previous chapters in the thesis, and at the end, the limit between 
the loss of an ecosystem or the no-effect scenario is given. Below, a description for each 
environment considered in this thesis is followed by its fail criterion. 
The coastal shelf (marine land cover situated under 50 meter depth) is not affected by sea level 
rise for obvious reasons: a water body cannot be flooded. Its main services lie on water supply 
and nutrient cycling, two factors which will remain unaltered by the fact that ocean salinity and 
ocean temperature rise. Hence, the coastal shelf is considered to remain unharmed by the 
impacts of climate change. 
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A seagrass bed is formed by flowering plants belonging to four families, of which one is found in 
great proportions in the Mediterranean coast: Posidonia oceanica. These plants form large 
underwater meadows that are an important part of the marine ecosystem. The main natural risk 
that Posidonia faces is the increase in surface seawater temperature. It is very sensible to ocean 
temperature rise, as when the mark of 28ºC is surpassed, the mortality rate is triggered 
(Ministerio de Agricultura, Alim. y Medio Ambiente 2014). 
At present, the water surface in the Mediterranean is between 17 and 18ºC (see figure 5). 
According to the medium scenarios, RCP 4.5 and RCP 6.0, the rates of increasing ocean 
temperature in the Catalan coast is of at least 1ºC per year (see table 2). Hence, Posidonia 
oceanica may be endangered in less than 10 years. Taking this into consideration, any seagrass 
bed found in this study will be considered lost because of an increase in sea temperature. 
Beaches and dunes will be discussed in the following section, for the reasons stated therein. In 
short, they are ecosystems that hold strong ties to the economic activities in the area, and hence 
a separate discussion must be held. 
Saltwater wetlands, or marshes, are ecosystems dominated by shrubs and grasses influenced by 
saltwater tidal inundations and fluctuations. Daily tidal flooding takes in nutrients to the wetland 
to feed a number of salt-adapted species of plants and animals (San Francisco Environment 
2014). As the Mediterranean is a sea with negligible tidal effects, the habitat service the 
saltwater wetlands provide is considered not to be affected. As long as the flora composing the 
marsh is not affected by sea level rise, it will continue to fulfil the waste treatment function. 
As for ecosystems found in the terrestrial domain, these are in general affected by sea level rise, 
although other factors may have to be considered as well. 
Temperate forests occur approximately from 25-50º North and South, in contrast with tropical 
forests and boreal forests, which are found closer to the Equator or to the Poles respectively. 
They may be harmed by climate change in a variety of ways, including air temperature and 
precipitation. A study of how temperate forests are affected by occasional or permanent 
flooding should also be carried out. 
Firstly, air temperature may have a big impact on these areas, as warming could shift the 
geographic ranges of some tree species (USA Environmental Protection Agency 2012). 
Temperate forests occur within a range of mean annual temperatures of 6-17ºC (IPCC Working 
Group II 1995). In the Maresme region, with an annual mean temperature of 17ºC (Institut 
d'Estadística de Catalunya 2014), and taking into account the scenarios mentioned in previous 
chapters forecasting 1-3ºC air temperature increases by the end of the century, temperate 
forests are at risk on the long run. 
Other authors also point to an over-exposure of temperate forests caused by a possible rise in 
air temperature. Some species will seek high altitudes, others will move further poleward, as 
plant and tree species can migrate naturally by 25 to 40 kilometres a century. However, if, for 
example, there was a 3ºC increase in temperature over a hundred year period in a particular 
region, the conditions in that area would undergo dramatic change, equivalent in ecological 
terms to a shift of a several hundred kilometres (Jousel 2007). 
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Secondly, temperate forests can also be affected by a decline in annual precipitation, as these 
forests are found where average total precipitation exceeds 500 mm. Species that are growing 
in regions where growth is limited by water shortages for at least part of the year may be 
adversely affected by intensification of summer soil water deficits, as a result of decreases in the 
ratio of rainfall to potential evapotranspiration. The Maresme has an annual precipitation of 
553.3mm (Institut d'Estadística de Catalunya 2014), and hence may be affected by the projected 
decrease of precipitation when considering long term projections. Also in relation to this matter, 
a fall in annual precipitation may also lead to a higher probability of forest fires. 
In conclusion, there is uncertainty regarding temperate forests. The trends in precipitation and 
air temperature, and their subsequent forecasted scenarios, will possibly have an effect on 
forestland by the end of the century, but when considering a shorter term scenario, it is more 
likely they will not be affected. Hence, the decision is to consider temperate forests as 
unharmed, as the study focuses on shorter scenario than the end of the century. 
According to Annex II, grassland has a negligible economic value in comparison to all other 
ecosystems. In monetary value, its services to society are at the most a tenth of any other 
ecosystem. Also, it may be difficult to detect grassland using the land cover detection methods 
of this thesis. For these reasons, they will not be avoided in this thesis when calculating the 
economic value of an area when possible. If not, following the considerations for forestland, it 
will be considered to remain unharmed in the short to medium scenarios.  
When it comes to crops, different approaches may be taken. From a more economic point of 
view, the production value of a field may be computed by studying the value of the generated 
goods. However, the ecosystem service approach may also be taken. As the present thesis 
cannot study in detail the production of crop fields in the area of study, the second approach 
has been chosen. 
The main ecosystem service provided by cropland is habitat and refugia, according to the values 
in Annex II. It is understood that such ecosystem cannot fulfil this function when flooded 
following a mean sea level rise due to climate change. Thus, loss of crops will be valuated taking 
into consideration flooded areas. 
The next ecosystem to be studied are freshwater wetlands. These are places where the land is 
covered by shallow water, or low-lying areas that are regularly flooded. They are rich in life, as 
many microscopic animals and plants, fish, amphibians, birds or animals can be found, apart 
from special plant communities.  
The main threat these environments face is saltwater intrusion, as increased salinity leads to a 
cascade of events that impact at a variety of scales, ranging from small changes in sediment 
biogeochemistry and materials to large scale alterations in the distribution of flora and fauna. A 
10‰ increase in salinity may result in rapid and dramatic changes in microbial activity, material 
fluxes and organic carbon mineralization rates (Weston 2006). In a study in Australia, it was 
concluded that aquatic biota will be adversely affected as salinity exceeds 1000 mg/L (Nielsen 
2003). 
All in all, it is evident that freshwater wetlands may be affected if the intrusion of seawater is 
accompanied by an increase of salinity. However, the studies described in previous chapter do 
not point to a clear salinity increase of the sea’s upper layer. Hence, freshwater wetlands will be 
considered to remain unharmed by the impacts attributed to climate change. 
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As for open freshwater, this term takes into consideration any freshwater bodies, such as rivers, 
ponds or lagoons. Their main function is, for obvious reasons, water supply, although aesthetics 
and recreation also plays a significant role. Should an open freshwater body be flooded by the 
intrusion of the sea, induced by the forecasted mean sea level rise, the water supply would be 
damaged, as it would no longer consist of freshwater but saltwater. Although the intrusion of 
seawater would not suppose a detriment in the aesthetics and recreation department, a 
freshwater body flooded by saltwater will be considered lost to the impacts of climate change.  
Riparian buffers are vegetated areas near a stream, usually forested and known as riparian 
vegetation. These have a disturbance regulation function, as they enhance the infiltration of 
surface runoff, increase surface roughness and slows overland flows (Dillaha 1989). Bust most 
importantly in economic terms, they are an important water supply source, and it known that 
they improve water quality, with places where removal of streamside vegetation suffering from 
degraded water resources (Hawes 2005). Its ecosystem service value is also composed in 40% 
of aesthetics and recreation. 
It is not clear that occasional flooding will diminish the water supply function these areas 
perform. Neither will the aesthetic and recreational function or the disturbance regulation. An 
increase in salinity could affect the water quality it keeps, but it has been seen that a high salinity 
increase is unlikely to happen in the Mediterranean. All in all, riparian buffers will be considered 
to remain unharmed by the impacts of climate change. 
Finally, urban greenspace will be evaluated by the socioeconomic approach mentioned in the 
previous section of this thesis. 
 
4.3. QUANTIFYING BEACH LOSSES 
So far the economic losses derived from the risk of losing or handicapping socioeconomic 
activities and natural ecosystems have been estimated. The difference between one and the 
other is evident: one is related to human built structures and buildings while the other makes 
reference to natural environments. 
When considering coastal natural ecosystems, beaches can be considered as a major part, and 
hence can be valuated following the proceedings described in the previous section. By valuating 
beaches using the ecosystem services approach, the environmental nature of a beach would be 
considered.  
However, a beach can also be valuated by a more economic point of view, rather than 
considering the services it provides to the natural ecosystems. The travel and tourism industry 
is one of the biggest on the planet, and beaches are its leading tourist destination. In a study in 
the United States, (Houston 2013) proved that beaches are the leading tourist destination in the 
country, with 44% of survey respondents planning beach vacations in 2012. In the case of the 
USA, tourism is its major industry and contributed with 1.3 billion dollars (World Travel and 
Tourism Council 2011). 
In Spain, tourism represents the 10.9% of Gross Domestic Product (Instituto Nacional de 
Estadística 2014) and beaches have traditionally been where tourist activities concentrate. The 
Spanish coastal area, with 6,584 km of coastline (28% beaches), constitutes a scarce and fragile 
resource of great environmental and economic value (Yepes, V. et al. 2002). 
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The relation between coastal protection and Gross Domestic Product has also been studied in 
the literature. It is known that if beaches are dully protected, regional tourism is boosted, as 
when a minimum beach width is assured, they are protected from storm hazards and the wave 
climate is mitigated. For every dollar the federal government spends on coastal protection in 
California, it avoids from 41 to 62 dollars in losses (Houston 2013). Florida invested 44 million 
dollars in its Management and Beach Regeneration Program during 2011-2013, which led to a 
GDP increase of 2400 million dollars annually (Office of Economic and Demographic Research 
2015). 
Having seen the enormous economic activities related to beaches and the effects on the region’s 
GDP, it has been decided to evaluate beach losses in a more economical way rather than from 
the environmental point of view described in the past section, when the main function of the 
beach is its recreational use. On the other hand, when the main function of the beach is 
protection for natural environments or when its natural component is predominant over its 
touristic exploit, the ecosystem service approach is more adequate. 
In a regional study in Valencia, (Yepes 2002) defined land productivity as the ratio between Gross 
Regional Product (in euros) and land surface (m2) and found values for the Valencia region as 
well as specific productivities for coastal municipalities. While the global land productivity of the 
Valencia Region was 3 €/m2, the productivity of the beaches of the Valencia Region was 700 
€/m2. 
This approach will be used in order to estimate land use when considering urban beaches, for 
which the recreational function is its main purpose. Hence, land use will be the result of the 
following operation: 
𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 [
€
𝑚2 ∗ 𝑦𝑒𝑎𝑟
] =
𝐿𝑜𝑐𝑎𝑙 𝐺𝐷𝑃 [€/𝑦𝑒𝑎𝑟]
𝐿𝑎𝑛𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 [𝑚2]
 
As can be seen, the regional GDP has been substituted by the local GDP in order to obtain values 
with an enhanced precision. By using the Gross Domestic Product, the land valuation is obtained 
for a year. To calculate the absolute land value, the official rate of interest must be taken into 
account, fixed by the authorities or the Central Bank. 
The economic losses associated to beach loss will be calculated as the product of the affected 
area times the land valuation, where the affected area is calculated as the areas vulnerable to 
coastal flooding, in the same way as the socioeconomic losses affected area. 
𝐵𝑒𝑎𝑐ℎ 𝑙𝑜𝑠𝑠𝑒𝑠 [€] = ∑ 𝐴𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎 [𝑚2]𝑖 ∗ 𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 [
€
𝑚2
]
𝑖
∗ 𝐹𝐶𝑖
𝑖
 
Where i is the land use, and FC is the failure coefficient, defined in the following manner: 
𝐹𝐶 = 1 , 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑖𝑠 ℎ𝑎𝑟𝑚𝑒𝑑  
𝐹𝐶 = 0 , 𝑖𝑓 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑢𝑛ℎ𝑎𝑟𝑚𝑒𝑑 
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5. CASE STUDY: FOUR COASTAL AREAS IN THE MARESME 
In this chapter four coastal areas in the Maresme coast are studied and, following the 
methodology described in the previous chapter, the areas related to the impacts of climate 
change are classified, in order to calculate the total economic loss. 
The Maresme is a comarca (county) located along the Catalan Mediterranean coast in Spain, 
between the comarques of Barcelonès (to the Southwest) and Selva (to the Northeast), its main 
and most-populated city being Mataró, which is also the capital. The Maresme is at the foot of 
a small mountain ridge, but the coastal area is mainly flat. To the South, it borders with the 
metropolitan area of Barcelona, and the Besòs delta. To the North, the river Tordera, which 
forms an environmentally rich delta, provides a natural border with Blanes. The Maresme is 
composed by long and sandy beaches which have traditionally had problems with long term 
erosion, which has led to significant shoreline retreats and the consequent increase in coastal 
flood vulnerability, as can be seen in the records for the past decades. 
 
Figure 26. Location of the Maresme region. Source: (Immomaresme 2014) 
The Maresme coast has a wave dominated coastline with reflective and coarse sandy beaches 
originated from the erosion of degraded granite from the nearby mountains carried by short 
rivers (Baeta 2015), such as the Tordera, and seasonal streams, called rieres. The shoreline is 
shaped by a low-energy wave climate, with mean wave heights of 1m and mean periods of 4s. 
The most important storms are those from the East, which usually last a couple of days and are 
often associated with the cyclonic activity in the Western Mediterranean (Ojeda 2006). Storm 
conditions are recorded essentially from October to December, which affect the seafloor down 
to a water depth of 20m (Ercilla 2010). 
Being a bypass zone connecting Barcelona with the northern coast as well as the Pyrenees and 
France, it holds important infrastructure. Mainly, Renfe manages the R1 suburban rail which 
runs from Molins de Rei to Massanes. The tracks cover the entire Maresme coast, passing, in 
some cases, just 20 meters away from the shoreline. Hence, beaches have an important 
protection function, apart from boosting the region’s economy through its recreation function; 
but other artificial protective measures are also in place, mainly breakwaters and groins. 
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Also, the provincial road N-II passes along the Maresme. This used to be the old route from 
Madrid to France via Barcelona, and in the Maresme the road is located right along the beach, 
many times literally next to the train tracks. Before reaching the Tordera delta it turns inland. 
Although most of the through traffic formerly carried by the road now takes the AP-7, it is still 
widely used for local commuters and non-through traffic. 
Population 439,512 
GDP [million €] 8,196.7 
GDP per capita [thousand €] 18.9 
Gross added value [million €] 
 Agriculture 90.1 
 Industry 1,456.9 
 Construction 501.6 
 Services 5,548.4 
 Total 7,597.0 
Table 11. The Maresme. Population, GDP and GAV figures. Source: (Institut d'Estadística de Catalunya 2014) 
The Spanish Ministry conducted an evaluation of vulnerable coastal areas following the 
European Directive 2007/60 for the evaluation and management of flood risks. The river basin 
bodies and the General Directory for Sustainability in the Coast and Sea identified zones with a 
high flood risk, known as the areas with significant potential of flood, and have been described 
in separate reports. In (Dir. Gral. de Sostenibilidad de la Costa y del Mar 2011) four sections of 
the Maresme are considered to be vulnerable to coastal flooding: Premià de Mar, Vilassar de 
Mar, an industrial area in between Cabrera de Mar and Mataró, and the river Tordera delta. 
These will be the four areas considered and studied in this chapter. They are associated to a 
return period of 500 years, hence the probability of occurrence in a year is 0.2%. 
This probability of occurrence may not seem significant at first, but when considering a long 
term scenario, there are higher probabilities to take into consideration. For example, the 
probability of occurrence in 50 years’ time adds up to 10%.  
Time span Probability of occurrence 
10 2% 
20 4% 
30 6% 
40 8% 
50 10% 
60 11% 
70 13% 
80 15% 
90 16% 
100 18% 
Table 12. Probability of occurrence for different time spans. Source: Own elaboration 
Moreover, this study presents the present mean sea level, as the objective is set on a short to 
medium scenario, and hence does not foresee the future sea level rise due to climate change. 
This would increase the probability of occurrence of the floods.  
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In the figure below, the first three sections to be studied are presented. The first location is 
downtown Premià de Mar, which has traditionally been a fishing village. The current population 
is of 27,944 and the port has also expanded. Although the port was inaugurated as a small pier 
in 1974, the Town Hall envisioned large scale expansions, and works started in order to 
accommodate larger vessels. However, due to numerous obstacles, the works were halted in 
1993 and it was not until 2000 that the project was redesigned suiting the populations 
commercial and leisure needs. 
The second location is downtown Vilassar de Mar, a smaller municipality with a population of 
20,447 inhabitants. Vilassar has also traditionally been a fishing village, but does not have a port, 
and its economic activities related to agriculture have also flourished, but especially floriculture. 
The third location is an industrial area situated along the shore, which is between Cabrera de 
Mar and Mataró, the capital of the Maresme. 
 
Figure 27. Study areas in Premià, Vilassar and industrial complex. Source: own elaboration on the basis of (Dir. Gral. 
de Sostenibilidad de la Costa y del Mar 2011) 
Finally, the fourth location can be seen in the image below. It comprises the estuary of the river 
Tordera, which forms a delta. In the same way as the majority of rivers in the area, the Tordera 
has a strong torrential character, presenting rapid increases in discharge when there is rain, but 
having long periods of total drought. River flow is highly variable, and for example, in the village 
Fogars, 10 km upstream of the Tordera estuary, during the 1994 to 2003 period, the median 
discharge was 0.95 m3/s, with a range from 0 to 170 m3/s (Caille 2009). 
The Tordera originates in the Montseny massif and runs for about 60 km before ending in a delta 
between Malgrat de Mar and Blanes. Its basin has an approximate area of 895 km2. The riverbed 
is formed by sand which has had a high demand in the last decades, for both the construction 
industry but also the beach nourishments carried out in the beaches in Blanes, among others. 
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This has led to the claims of ecologic organisations concerned with the strong erosive character 
the river is adopting, alleging the river’s natural resources have been over-exploited.  
This has in turn ended in the prohibition of sand dredging, but due to numerous and strong 
political pressures, there has been more than one exception to the prohibition. Following the 
reduction of sediment discharge, environmentalists or other stakeholders have also been 
concerned with the future of the delta, which at present has an approximate surface of 8 km2. 
The delta can be clearly identified in the figure below. 
 
Figure 28. Study area in the Tordera delta. Source: own elaboration on the basis of (Dir. Gral. de Sostenibilidad de la 
Costa y del Mar 2011) 
Further details on the calculation process, for affected areas but also for total economic losses, 
can be found in Annex III. 
The fringes of the affected areas considered have a mean height over sea level of approximately 
3-4 meters. In specific, it is 3 meters in the two more regular areas: Premià de Mar and the 
industrial and commercial zone in Mataró. In Vilassar de Mar there is an irregular geography, 
and the limits of the flooded areas can be up to 8 meters. As for the affected area in the Tordera 
delta, the exterior urban parts are around 4-6 meters above sea level. 
Given these characteristics and the current coastal protection structures in place, the wave 
climate in the Mediterranean is unlikely to frequently flood these areas, and this fact is pointed 
in the extensive return period of 500 years. However, this time span may be diminished with the 
effects of sea level rise. 
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A coastal storm is defined in the Mediterranean as the exceedance of a 2-3 meter mark in wave 
height, for a period of time longer than 3 hours. Given the predictions in the latest RCP scenarios 
seen in chapter 2, where the mid-upper scenario RCP6.0 predicts 55cm and the upper scenario 
RCP8.5 forecasts 74cm for sea level rise at the end of the century, the probability of occurrence 
is increased. 
It should be pointed out that this thesis is not making reference to the mean wave climate but 
to the extreme wave climate. The mean or average wave climate applies to the average 
conditions of the waves at a place, over a period of years. Instead, the extreme wave climate 
refers to the data where wave height reaches significant thresholds which may imply danger to 
coastal communities and structures. It is unlikely the Catalan coast will see itself constantly and 
entirely submerged due to the impacts of sea level rise, but the extreme wave climate may carry 
more threat due to the effects of climate change. Furthermore, extreme wave climate is 
associated with the most dangerous repercussions in terms of economic and life loss. 
Taking these facts into account, the flooded areas depicted in the case studies represent the 
“ordinary” extreme wave climate (2-3 meters in wave height) under the mid-upper or upper 
IPCC scenarios for the end of the century. Hence, the affected areas considered are under mild 
storm conditions and resembling scenarios RCP6.0 or RCP8.5 at the end of the century. 
 
5.1. PREMIÀ DE MAR 
The first location is located on the coast South of the port in Premià de Mar. In this area a beach 
is found, offering protection to the rail tracks of the regional train that runs all along the Catalan 
coast next to Barcelona, corresponding to the Renfe suburban train tracks. The tracks are about 
30 meters away from the shoreline, and immediately afterward the provincial highway N-II is 
found. After that, downtown Premià de Mar is located very near the beach, including the Town 
Hall, although this falls just outside the study area. In fact, the study area only comprehends two 
rows of buildings, which are mainly residential. Some commercial buildings are found, a parking 
lot and two garden spaces. 
The location and the affected area can be seen in the figure below.  
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Figure 29. Affected area in Premià de Mar. Source: own elaboration 
The four points enclosing the affected area have the following coordinates: 
 Latitude Longitude 
Point 1 41.4899361575475 ºN 2.3600495606660843 ºE 
Point 2 41.48834487700407 ºN 2.36140139400959 ºE 
Point 3 41.48492108029578 ºN 2.3502004891633987 ºE 
Point 4 41.4868178538757 ºN 2.34917052090168 ºE 
Table 13. Corners for the affected area in Premià de Mar. Source: own elaboration 
Hence, the total enclosed area is 0.21 km2, or 214174 m2. 
The natural environments found in the area are the sea and the beach, which account for over 
half of the total enclosed area. The port is only 200 meters away from the affected area, and the 
beach there is reinforced on one hand with small groins which limit the erosive pattern in the 
coastal dynamics by intercepting longshore sediment transport, and on the other with natural 
stones which form a shoreline revetment. This protective measure is in place because the beach, 
which in this part of the coast is mostly limited to a sandy promenade, has in some places a 
width below the 30 meter mark, and hence the railway is not sufficiently protected from coastal 
flooding.  
Element Area [m2] % 
Sea 98992 46% 
Beach 26091 12% 
Train tracks 14120 7% 
N-II 20108 9% 
Urban area 54863 26% 
TOTAL 214174 100% 
Table 14. Land classification in the affected area in Premià. Source: own elaboration 
As for the urban area, on one side a large parking lot is found providing service to a big park and 
picnic area, which mainly fall outside the study area, and a school, tennis club and industrial 
complex, which are all found beyond the limits considered in this affected area. 
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Although the Town Hall is located close to the affected area, the busiest streets and squares are 
found on the other side, and hence do not fall into the studied area. The first line of houses, as 
usual, boasts more activity, with shops and restaurants offering service to beach users. Also to 
be found are a two star hotel and a medical centre. The rest of the urban area is comprised by 
urban streets and residential housing. 
Element Area [m2] % 
Parking lot 6390 12% 
Green areas 3947 7% 
Commercial facilities 1588 3% 
Sanitary facilities 527 1% 
Hotels 494 1% 
Streets 16340 30% 
Residential buildings 24130 44% 
Train station 1447 3% 
TOTAL 54863 100% 
Table 15. Urban land classification in the affected area in Premià. Source: own elaboration 
 
5.2. VILASSAR DE MAR 
The second area of study is on the coast between the Premià de Mar and Mataró ports. This is 
in many ways a similar location to the first case study in Premià, as it also comprehends a sandy 
beach which has a low width, between 20 and 30 meters. In a similar fashion to the first case 
study, the rail tracks are found immediately after the beach, and to its side lies the N-II provincial 
highway. The area of study is limited on its two sides by small groins built to stop longshore 
sediment transport from eroding the beach. 
Downtown Vilassar de Mar is situated near its beaches, and in this case the Town Hall lies inside 
the affected area. Also to be found are numerous commercial buildings, a museum and several 
small squares. 
The location and the affected area can be seen in the figure below.  
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Figure 30. Affected area in Vilassar de Mar. Source: own elaboration 
The four points enclosing the affected area have the following coordinates: 
 Latitude Longitude 
Point 1 41.503652675896525 ºN 2.3991531506180763 ºE 
Point 2 41.4991609719399 ºN 2.3899585381150246 ºE 
Point 3 41.500967385468826 ºN 2.3878434486687183 ºE 
Point 4 41.50550872734462 ºN 2.397887147963047 ºE 
Table 16. Corners for the affected area in Vilassar de Mar. Source: own elaboration 
Hence, the total enclosed area is 0.23 km2, or 233558 m2, slightly larger than the first case study. 
Once again, a big part of the study area is found at sea. The beach is at places reduced to a mere 
30 meter width, and is reinforced in all its length by gravel mound revetments. It is clear that, in 
the area where wave impact is more evident, the original revetment has been reinforced by 
placing more quarry stone blocks in front. 
As has been said, immediately after the beach the infrastructure is found: both train rails and 
highway run right along the beach. Behind lies downtown Vilassar. 
Element Area [m2] % 
Sea 87791 38% 
Beach 32202 14% 
Train tracks 10357 4% 
N-II 12584 5% 
Urban area 90624 39% 
TOTAL 233558 100% 
Table 17. Land classification in the affected area in Vilassar. Source: own elaboration 
When breaking down the urban area, it is very clear that the Town Hall is surrounded by 
Vilassar’s most commercial streets. The two squares closest to the Town Hall, Plaça de 
l’Ajuntament and Plaça d’Àngel Guimerà congregate many local shops, bars or supermarkets. 
However, the majority of urban area is composed by residential buildings, especially when 
stepping further away from the town centre. Housing in this area is abundant in green space and 
private gardens. 
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The first line of houses do not have a proper boardwalk, as the highway and railway are 
immediately in front and prevent direct passage to the beach. However, it is evidently a centre 
of activity, with many restaurants and bars benefiting from a privileged coastal sea landscapes 
from the promenade. 
Other facilities found in the affected area are a small hotel, a museum, the Renfe train station 
and a part of the marina facilities. 
Urban area: Area [m2] % 
Marina facilities 1448 2% 
Green areas 6633 7% 
Train station 1204 1% 
Urban streets 33540 37% 
Hotel 173 0% 
Museum 206 0% 
Residential buildings 36577 40% 
Commercial facilities 10843 12% 
TOTAL 90624 100% 
Table 18. Urban land classification in the affected area in Vilassar. Source: own elaboration 
 
5.3. INDUSTRIAL AREA NEAR MATARÓ 
The third area of study is on the coast between Mataró and Cabrera de Mar. It is only 300 meters 
away from the facilities of Mataró’s port, but far away from its town centre. This area is mainly 
an industrial and commercial suburb, and barely any residential housing is found. 
The rail tracks are still found next to the beach, which is in this case narrow and in times 
inaccessible. Nevertheless, in contrast to the first two case studies, the N-II highway is found 
outside the affected area, as it circumvallates some of these industrial and commercial facilities. 
The location and the affected area can be seen in the figure below.  
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Figure 31. Affected area in Mataró. Source: own elaboration 
The four points enclosing the affected area have the following coordinates: 
 Latitude Longitude 
Point 1 41.52867739726349 ºN 2.4365247040987015 ºE 
Point 2 41.51955255647185 ºN 2.4192941933870316 ºE 
Point 3 41.51712654601821 ºN 2.4214614182710648 ºE 
Point 4 41.52605895664433 ºN 2.4392712861299515 ºE 
Table 19. Corners for the affected area in the industrial area. Source: own elaboration 
Hence, the total enclosed area is 0.61 km2, or 613729 m2, which is more than double the areas 
considered in the first two case studies. Nevertheless, the marine area is smaller than in Premià 
or Vilassar, as in this case the sea and beach area adds up to 37% of the total, whereas in the 
other two cases the same pair surpassed the 50% mark. 
In the vast majority of this location, the beach is fully covered by riprap, loose stone used to 
strengthen the shoreline and offer protection to the rail infrastructure behind. Mainly, the riprap 
is found literally adjacent to the rail tracks, and the beach there is inaccessible for the public, 
but closer to the edges of the affected area the beach is slightly wider. 
The terrestrial domain is divided into two parts by a riera, a torrential stream, called the Riera 
d’Argentona. The stream is used as the political partition between the Mataró and Cabrera de 
Mar municipalities. It is dry during most parts of the year, but there is vegetation on both sides, 
providing the riparian buffer. The mouth of the stream is found through a small tunnel passing 
underneath the train tracks, and finally ends in the sea. 
On the Southern side of the riera, there is a large commercial centre with various different shops 
and services, which also has a car park. 
On the Mataró side, an industrial facility is found which produces a well-known brand of 
detergent, supplying the Iberian Peninsula but also other European countries. These facilities 
also have a parking lot. 
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Next to it are various commercial facilities, with a restaurant, a gas station and the building for 
a pharmaceutical wholesale company. Apart from these, there are various plots for unknown 
use, mainly empty. These plots are, to date, vacant and covered by grass. Other green urban 
spaces surround the area. 
Element Area [m2] % 
Sea 192323 31% 
Beach 36535 6% 
Train tracks 30836 5% 
Commercial facilities 62304 10% 
Parking lots 55379 9% 
Riera d'Argentona 1560 0% 
Riparian buffer 23713 4% 
Industrial facilities 87737 14% 
Urban streets 29537 5% 
Green areas 41076 7% 
Residential building 1743 0% 
Grassland 50986 8% 
TOTAL 613729 100% 
Table 20. Land classification in the industrial affected area. Source: own elaboration 
 
5.4. THE TORDERA DELTA 
The fourth and final area of study is completely different to the other case studies. This is not an 
urban area nor a commercial or industrial area, but rather a more natural part that coincides 
with the river Tordera delta. Neither the train tracks nor the highway are comprehended in this 
study, as they turn inland some kilometres before the delta.  
The location and the affected area can be seen in the figure below. 
 
Figure 32. Affected area in the Tordera delta. Source: own elaboration 
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In this case the affected area, as can be seen in the image, does not adopt a regular shape, and 
so many markers have had to be defined in order to delimit the affected area. 
As has been explained, the Tordera has a basin close to 900 km2 large, and the river runs for 
about 60 km and flows into the Mediterranean generating a 8 km2 delta between the 
municipalities of Blanes and Malgrat de Mar. The mouth of the Tordera is a zone with high 
ecological value home to a large number of plant and animal species. 
This fourth case study is the one where the terrestrial domain has a bigger presence, as sea and 
beach only account for 37% of the total area. The beach here does not have a protection 
function, as was the case in the previous locations, but rather a natural and recreational use. 
The Platja de s’Abanell, in Blanes, is known to attract many tourists in the summer season. 
Apart from these natural ecosystems, this area of study is mainly formed by camping sites, on 
either side of the river. However, they have different nature which results in different land use 
classification. Some parts are mainly grass fields which during the high season tourists can put 
tents up. There are pine tree forests where recreational use vehicles may be parked, while other 
parts are dedicated to bungalows. 
There are also crop fields that lie inside the affected area, where it follows inland the Rec del 
Viver, an irrigation canal that feeds the surrounding crops. Residential housing, commercial 
facilities and urban green spaces are also found in the affected area, in smaller proportions. 
 
Element Area [m2] % 
Sea 113807 24% 
Beach 62837 13% 
Riparian buffer 18117 4% 
Tordera river 13051 3% 
Forestland 78369 16% 
Grassland 73911 15% 
Cropland 31994 7% 
Streets 26611 5% 
Green areas 2794 1% 
Residential buildings 11402 2% 
Commercial facilities 14029 3% 
Rec del Viver 4667 1% 
Bungalow area 32416 7% 
TOTAL 484005 100% 
Table 21. Land classification in the affected area of the Tordera delta. Source: own elaboration 
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6. RESULTS 
In this chapter, the results for the four case studies are presented, and an assessment is carried 
out to discuss the results. 
The total economic losses have been: 
AREA OF STUDY TOTAL LOSS [Million €] 
Premià de Mar 226.3 M€ 
Vilassar de Mar 205.9 M€ 
Industrial area in Mataró 363.3 M€ 
The Tordera delta 166.7 M€ 
TOTAL 962.2 M€ 
Table 22. Overview of the total economic losses. Source: own elaboration 
As can be seen, in total values, the industrial area in Mataró is by far the area with the highest 
economic losses, although this is due to its greater extension. In the figure below, where the 
total loss is referred to the areas of extension, it is Premià de Mar that has the highest loss per 
area value. 
 
Figure 33. Loss per area. Values in [€/m2]. Source: own elaboration 
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PREMIÀ DE MAR 
Element Area [m2] Length [m] Units Value [€/m2] Value [€/m] Value [€/unit] LOSS (1) or UNHARMED (0) ECONOMIC LOSS 
Sea 98992 - - 10.67 - - 0                                  -   €  
Beach 26091 - - 5734.92 - - 1        149,629,814.29 €  
Train rails - 3940 - - 8616 - 1          33,947,040.00 €  
N-II - 1970 - - 2082 - 1             4,101,540.00 €  
Parking lot - - 15 - - 12000 1                180,000.00 €  
Green areas 3947 - - 72 - - 1                284,184.00 €  
Commercial facilities 1588 - - 1294 - - 1             2,054,872.00 €  
Sanitary facilities 527 - - 1192 - - 1                628,184.00 €  
Hotels 494 - - 1484 - - 1                733,096.00 €  
Streets 16340 - - 190 - - 1             3,104,600.00 €  
Residential buildings 24130 - - 1232 - - 1          29,728,160.00 €  
Train Station 1447 - - 1294 - - 1             1,872,418.00 €  
        
       TOTAL LOSS:        226,263,908.29 €  
Table 23. Total economic loss in Premià de Mar. Source: own elaboration 
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VILASSAR DE MAR 
Element Area [m2] Length [m] Value [€/m2] Value [€/m] LOSS (1) or UNHARMED (0) ECONOMIC LOSS 
Sea 87791 - 10.67 - 0                              -   €  
Beach 32202 - 2812.5 - 1      90,568,125.00 €  
Train rails - 3810 - 8616 1      32,826,960.00 €  
N-II - 1905 - 2082 1         3,966,210.00 €  
Marina facilities 1448 - 1426 - 1         2,064,848.00 €  
Green areas 6633 - 72 - 1            477,576.00 €  
Train station 1204 - 1426 - 1         1,716,904.00 €  
Urban streets 33540 - 190 - 1         6,372,600.00 €  
Hotel 173 - 1672 - 1            289,256.00 €  
Museum 206 - 1070 - 1            220,420.00 €  
Residential buildings 36577 - 1420 - 1      51,939,340.00 €  
Commercial facilities 10843 - 1426 - 1      15,462,118.00 €  
      
     TOTAL LOSS:    205,904,357.00 €  
Table 24. Total economic loss in Vilassar de Mar. Source: own elaboration 
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MATARÓ 
Element Area [m2] Length [m] Units Value [€/m2] Value [€/m] Value [€/unit] LOSS (1) or UNHARMED (0) ECONOMIC LOSS 
Sea 192323 - - 10.67 - - 0                              -   €  
Beach 36535 - - 3816.89 - - 1    139,450,035.56 €  
Train rails - 7106 - - 8616 - 1      61,225,296.00 €  
Commercial facilities 62304 - - 1170 - - 1      72,895,680.00 €  
Parking lots - - 32 - - 12000 1            384,000.00 €  
Riera d'Argentona 1560 - - 6.29 - - 1                 9,812.40 €  
Riparian buffer 23713 - - 27.8 - - 0                              -   €  
Industrial facilities 87737 - - 900 - - 1      78,963,300.00 €  
Urban streets 29537 - - 190 - - 1         5,612,030.00 €  
Green areas 41076 - - 72 - - 1         2,957,472.00 €  
Residential buildings 1743 - - 1054 - - 1         1,837,122.00 €  
Grassland 50986 - - 0.76 - - 0                              -   €  
        
       TOTAL LOSS:    363,334,747.96 €  
Table 25. Total economic loss in Mataró. Source: own elaboration 
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TORDERA DELTA 
Element Area [m2] Length [m] Value [€/m2] Value [€/m] LOSS (1) or UNHARMED (0) ECONOMIC LOSS 
Sea 113807 - 10.67 - 0                            -   €  
Beach 62837 - 1558.33 - 1      97,920,991.67 €  
Riparian buffer 18117 - 27.8 - 0                            -   €  
Tordera river 13051 - 6.29 - 1            82,090.79 €  
Forestland 78369 - 12.6 - 0                            -   €  
Grassland 73911 - 0.76 - 0                            -   €  
Cropland 31994 - 7.12 - 1          227,797.28 €  
Urban streets 26611 - 190 - 1      5,056,090.00 €  
Green areas 2794 - 72 - 1          201,168.00 €  
Residential buildings 11402 - 1000 - 1    11,402,000.00 €  
Commercial facilities 14029 - 1132 - 1    15,880,828.00 €  
Rec del Viver 4667 - 6.29 - 1            29,355.43 €  
Bungalow area 32416 - 1106 - 1    35,852,096.00 €  
      
     TOTAL LOSS:    166,652,417.17 €  
Table 26. Total economic losses in the Tordera delta. Source: own elaboration 
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The results for the fourth study area, the one corresponding to the Tordera delta, shows 
significantly different values from the ones in the other three case studies. Its total loss is the 
lowest of the three areas, although the second largest area is considered, which makes the loss 
per area value between 1.7 and 3 times lower than in the other cases. 
Seeing this, the differentiation between the three types of losses is carried out. As can be seen, 
50% of total losses are socioeconomic and 49.6% correspond to beach losses, whereas only 
0.04% are from ecosystem services. Even in the Tordera delta, the area with a higher presence 
of natural ecosystems, natural losses only account for 0.2%. 
LOSS TYPE: Socioeconomic Natural Beach 
Premià de Mar      76,634,094.00 €  -    149,629,814.29 €  
Vilassar de Mar    115,336,232.00 €  -      90,568,125.00 €  
Industrial area in Mataró    223,874,900.00 €         9,812.40 €     139,450,035.56 € 
The Tordera delta      68,392,182.00 €     339,243.50 €       97,920,991.67 €  
TOTAL [€]    484,237,408.00 €     349,055.90 €     477,568,966.51 €  
LOSS % 50.33% 0.04% 49.64% 
Table 27. Socioeconomic, natural and beach loss for the four case studies. Source: own elaboration 
The difference between the losses concerning socioeconomic structures and natural 
environments is notable. One thing to take into account is that some natural areas have been 
considered to remain unharmed. Should all the natural surfaces in the Tordera delta be 
considered lost, the final result would change. In the following table, the “all is lost” scenario is 
taken, and socioeconomic, natural (excluding the continental shelf) and beach losses are 
compared. As can be seen, even under this scenario, natural losses only account for 1% of total 
loss. 
LOSS TYPE: Socioeconomic Natural Beach 
Area [m2] 87,252 220,109 62,837 
% of area 18% 45% 13% 
Loss [€] 68,392,182 € 1,886,518 € 97,920,992 € 
% of loss 41% 1% 59% 
Table 28. Losses under the "all is lost" scenario in the Tordera delta. Source: own elaboration 
Thus, a first conclusion is the detection that the systems to economically valuate ecosystems’ 
services fall short of those which valuate capital losses. The losses associated to natural 
environments are negligible in front of the values for socioeconomic losses. The methodology 
applied in this thesis has been to adopt a more environmental point of view to valuate natural 
losses, which has led to indirect methods, such as the ecosystem service method. 
The literature allows for a limited monetization of natural ecosystems. Although extensive 
research has been undergone, and various authors have been contrasted in order to come up 
with the most reliable values in hand, the methodology has limitations.  
A more economic focus could be adopted by directly calculating the monetary value for the 
economic activities carried out in the ecosystems, but this would underrate even more their 
values, and would not take into account the environmental perspective which is intrinsic to 
ecosystems. Hence, the methodology only allows the calculation of what can be measured with 
present tools and formulas. Until the scientific community advances more in this direction, it 
will vastly limited in its measures. 
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As for the case of beaches, the socioeconomic approach has been taken, as the beaches in the 
four case studies have predominantly a recreational function. This may be discussed in the 
fourth case, the Tordera delta, as a part of the beach also has a strong natural function, holding 
an ecosystem which houses flora and fauna. However, the presence of the S’Abanell beach in 
the part of Blanes, and the great presence of camp sites has led to consider the beaches as 
strictly related to tourism, and hence the socioeconomic focus has been taken. 
It should be studied the difference between undertaking the socioeconomic focus which has 
been followed in the case studies, versus the ecosystem service valuation which may have been 
taken should the beaches present a more natural character. 
 Case study: Premià de Mar Vilassar de Mar Industrial area in Mataró The Tordera delta 
 Surface [m2] 26,091 32,202 36,535 62,837 
A
P
P
R
O
A
C
H
 
Socioeconomic 149,629,814.29 € 90,568,125.00 € 139,450,035.56 € 97,920,991.67 € 
Ecosystem services 9,035,717.01 € 11,152,050.87 € 12,652,635.82 € 21,761,425.40 € 
Table 29. Comparison between the socioeconomic and ecosystem services approach in beaches. Source: own 
elaboration 
The socioeconomic approach in beaches considers the local GDP per unit area, and hence the 
valuation of the beach surface is different for each case. Instead, the ecosystem service 
approach considers a unique value, found after studying the services the ecosystem offers to 
society. This causes the two values to be significantly different, with the more economic 
approach offering higher values in all cases, as expected. 
 
Figure 34. Graphic comparison between the socioeconomic and ecosystem services approach in beaches. Source: 
own elaboration 
The difference is lower in the case of the Tordera delta, due to the lower value of the local GDP 
and higher area, which causes the socioeconomic approach to give lower values per unit area of 
beach. Whereas in Premià or Mataró, the ecosystem services approach only mounts up to less 
than 10% of the losses calculated by the socioeconomic method, in the Tordera delta it is 22%. 
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Premià de Mar Vilassar de Mar Industrial area in Mataró The Tordera delta 
6% 12% 9% 22% 
Table 30. Socioeconomic results over natural results. Difference in approaches for beaches. Source: own elaboration 
As of socioeconomic losses, commercial facilities and train rails lead the total losses for the four 
areas of study, as can be seen in the table below. Together, they amount to over 50% of total 
socioeconomic losses. Apart from having a higher per length value, railways account for much 
more loss than roadways because in the areas of study there is double tracks, so there is double 
length of rails. Also, in the third case study, corresponding to the largest area, the roadways is 
outside the affected zone. 
Element LOSS [€] % 
Train rails          127,999,296 €  26.4% 
Highways and streets            28,213,070 €  5.8% 
Commercial facilities          142,145,594 €  29.4% 
Residential housing            94,906,622 €  19.6% 
Industrial facilities            78,963,300 €  16.3% 
Other            12,009,526 €  2.5% 
TOTAL SOCIOECONOMIC LOSS          484,237,408 €  100% 
Table 31. Socioeconomic losses for the four areas of study. Source: own elaboration 
Residential housing and industrial facilities account for a third of total losses. Residential 
buildings are mainly located in the affected areas in Premià and Vilassar, whereas the industrial 
facilities are solely located in the area in Mataró. The N-II highway together with the urban 
streets only account for 6%. Other costs include sanitary facilities, train stations, hotels or other 
public buildings. 
 
Figure 35. Socioeconomic loss typology percentage. Source: own elaboration 
To put into context the total losses calculated in the case studies, the regional GDP is considered. 
The aim is to compare the losses calculated with the public and private capital. 
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Public capital is the aggregate body of government-owned assets, which span a wide range of 
assets, including transportation infrastructure, components of public education or public 
hospitals, police and fire protection, prisons and courts and even other systems such as water 
supply, electricity, gas or telecommunications. 
In contrast, private capital is the aggregate body of company-owned assets. These are durable 
goods or any non-financial asset that is used in production of goods and services that belong to 
private businesses instead of public administrations. 
According to (Salinas 2011) the public capital of Catalunya is 22% of its total capital, with private 
capital representing the other 78%. Of the public capital, 69% corresponds to public 
infrastructure, 9% to education, 2% to public health, and 20% to other public goods and services. 
 Public capital Private capital TOTAL 
Million € 80,177.9985 281,235.831 361,413.83 
% 22.2% 77.8% 100% 
Table 32. Public and private capital in Catalunya. Source: (Salinas 2011) 
To estimate the regional public and private regional capital of the Maresme, the region’s 
contribution to Catalunya’s GDP is studied. 
 Maresme Catalunya 
GDP [million €] 8,196.7 206,919.9 
% 3.96% 100% 
Table 33. Maresme and Catalunya GDP. Source: (Institut d'Estadística de Catalunya 2014) 
 
 
Figure 36. The Maresme contribution to Catalunya's GDP. Source: own elaboration on the basis of the data provided 
in (Institut d'Estadística de Catalunya 2014) 
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Hence, the Maresme public and private capital are estimated to be 3.96% of Catalunya’s. This 
leads to the values presented in the next table. 
 Million € 
Maresme public capital 3,176.08 
Maresme private capital 11,140.57 
Total losses 962.16 
Table 34. Maresme public and private capital, and total losses. Source: own elaboration on the basis of the data 
provided in (Institut d'Estadística de Catalunya 2014) 
 
Thus, the total losses calculated in this thesis represent 30% of the Maresme public capital, while 
amounting to 9% of its private capital. 
  
Figure 37. Left: total losses in relation to public capital. Right: total losses in relation to private capital. Source: own 
elaboration 
Alternatively, the total losses can be compared to the regional GDP. Instead of considering 
absolute values as in the previous case, total losses can be translated to a yearly basis by applying 
an interest rate. 
In this case, the interest rate considered will be 3%, which corresponds to the official interest 
rate declared by the Spanish Central Bank in 2016 (Banco de España 2016). This factor is applied 
to the total loss to give an equivalent in loss per time, as it represents the economic loss over 
time. 
Total Loss 28.9 million €/year 
Maresme GDP 8,196.7 million €/year 
  
% 0.35% 
Table 35. Yearly total loss in comparison to regional GDP. Source: own elaboration 
As can be seen in the table above, when representing the total loss on a time basis, it represents 
0.35% of the regional GDP. 
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All in all, these losses amount to a considerable economic cost which cannot be neglected by 
local and regional authorities. By mounting up to 30% of public capital, 9% of private capital or 
0.35% of the region’s GDP, they represent a significant proportion of the economy in the 
Maresme. Hence, climate change must be considered an important force to assess in the most 
vulnerable coastal areas, and plans must be undertaken to reduce the exposure risk and to 
propose solutions to this problem in the mid to long term future. 
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7. CONCLUSIONS 
Climate change is at present considered a direct threat to human society, and coastal 
communities are in the eye of the storm considering the potential effects of mean sea level rise, 
which mainly imply an increase in the frequency and intensity of flooding. Other factors such as 
air and ocean temperature, ocean salinity and changes in precipitation patterns may also 
contribute to the forecasted instability. 
Having been questioned in previous decades, climate change is now established in the scientific 
community as an existing menace. The question now is can it be estimated in a precise way, and 
can a method be developed so that local municipalities or regions can calculate the estimated 
economic effects that this trend may have on the population and its assets, as well as the 
surrounding natural environment. 
In this thesis a method has been proposed and put into practice in four coastal areas of the 
Maresme. The method has enabled the estimation of economic losses in a local level, 
considering areas vulnerable to coastal flooding. It classifies losses into typologies: 
socioeconomic and natural ecosystems, although beaches call for a separate analysis, due to 
their dual nature as economic assets but also natural environments. These typologies are 
studied under different approaches, taking into consideration their different character. 
The estimated loss of 962 M€ is no small sum, and amounts to 30.3% of the Maresme public 
capital or 8.6% of its private capital. The yearly loss is estimated to be around 0.35% of the 
region’s GDP. This figure can give can provide a useful benchmark when discussing large sums. 
Only 4 small areas of the Maresme have been considered, which amount to 0.4% of the region’s 
total land surface, although they have been detected as the most vulnerable zones. In spite of 
this, the losses in these areas represent 0.35% of the total yearly production the whole region 
manages. 
Of the four case studies presented, in Premià de Mar there is the higher economic loss per 
surface rate (1056 €/m2), followed by Vilassar de Mar and the industrial and commercial zone in 
Mataró (882 €/m2 and 592 €/m2 respectively). Finally, the Tordera delta has the least impact per 
unit of area (344 €/m2). 
These results highlight the importance given to real estate and transportation infrastructure, 
which account for a large percentage of the total loss. Commercial facilities and railway are the 
sectors in which the most losses are estimated, but residential housing and industrial facilities 
are also vulnerable assets which may imply big economic costs. 
Nonetheless, special attention is required in the methods to evaluate natural losses. The current 
tools to estimate the costs of losing ecosystems is still undeveloped, as can be seen in the losses 
found in the case studies, which are insignificant in comparison to the socioeconomic costs. 
Modern society requires methods which value proportionately natural losses, and the scientific 
community is still short of such tools. Some environmentally-worried administrations or 
organizations already include the natural environment as a deciding factor in their operations, 
but from an engineering point of view, a quantification of an ecosystem value is still needed for 
decision making and to perform cost-benefit analysis. 
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When it comes to beach loss, this can vary from region to region. In the studied areas, they have 
a similar economic impact as socioeconomic losses. The municipalities under study are not 
however strong tourism focuses, but rather urban centres in Barcelona’s metropolitan area. 
Because of this, the composition of total losses in other regions in Catalunya may vary 
considerably. When considering towns with a strong tourism activity directly related to broad 
beach widths, the total beach loss may surpass the socioeconomic impacts. 
The results found in this thesis indicate strong implications on the region’s activities. Similar 
results are expected in other coastal communities in the Mediterranean, although the Maresme 
has long been associated with a special vulnerability which makes it prone to coastal flooding. 
Similar studies can be carried out following the methodology proposed in this thesis. To 
conclude, climate change can potentially infringe on the economy and lifestyle of coastal 
communities, and further study of the economic effects of future scenarios should be performed 
to decide on protective measures. 
 
7.1. FUTURE RESEARCH 
In this section the limitations of the thesis are discussed, which lead to pointing out the main 
points open to future research in order to continue to study and forecast the economic impacts 
that climate change may have on the coast on a local level, and in particular of the Maresme. 
In relation to global climate change impacts, the progress in recent years has been notable. The 
literature now presents scientific knowledge on the past trends and present state for numerous 
variables: air and ocean temperature, gas emissions such as carbon dioxide or sulphurs, the ice 
sheet meltdown, aerosol impacts on the ozone layers, sea level rise… The works undergone by 
the IPCC have stepped up a notch the global knowledge on the subject, and the efforts to gather 
different databases around the world and submit them to a common scheme are palpable. 
However, there is still large uncertainty regarding the local and regional levels. The scientific 
community is still greatly limited when predicting smaller scale effects. It is understood that local 
effects will differ one from another, as global consequences have different impacts depending 
on the region studied. For example, there is consensus that sea level rise will not be the same 
worldwide, the coast in Catalunya is unlikely to be altered by the Pole’s meltdown, as the 
Mediterranean is an enclosed sea with its own dynamics. 
Nevertheless, the literature is only starting to quantify local effects, and in other cases local 
scenarios are simply out of reach for the present state of research. As time goes by, more local 
scenarios may appear reducing uncertainty of the quantification of climate change impacts, and 
hence the foundations on which this thesis is based may be dated. 
It is important to obtain precise local future scenarios for the different climate change effects, 
and relate them with the RCP scenarios considered in the global study. If this cannot be 
obtained, the subsequent calculations lose their credibility. 
The first objective of this thesis, to present a methodology to quantify in economic terms the 
climate change impacts, has been accomplished. Nevertheless, there are also some limitations 
surrounding this aspect. 
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Firstly, the losses considered have been divided between socioeconomic, natural and beach 
losses, and different approaches have been taken following this criterion. These are strict 
boundaries between one loss type and another, and are mostly easy to identify, but in other 
cases this may be problematic. For instance, the designation of urban green areas may fall into 
both a socioeconomic but also an ecosystem loss. Although it is an urbanized surface in a 
municipality, consisting of urban elements, it is also party an ecosystem, due to the grass or 
trees that provide a more natural side to the urban layout. 
The difference is very clear when considering beaches. As has been mentioned, a beach has a 
dual nature, combining socioeconomic characteristics and also ecosystem services. A beach may 
have different functions, and the Spanish coast can be classified according to protection, 
recreation or natural functions. However in some cases the function of a given beach may be 
composed by all three, and the predominant function may not be clearly identifiable.  
In the cases of this thesis, the beaches around the Tordera delta combine all these aspects. On 
one hand, some parts are clearly valuable assets to the local administration as they boost 
tourism activities and in turn play a significant role in the town’s economic activities. On the 
other hand, having the Tordera river so close by gives the beach a more natural character. 
Depending on what function is considered to be predominant, results may differ considerably, 
as has been explained in the previous section. 
When considering the valuation of socioeconomic losses, it is clear that these will be affected 
by sea level rise. Although the values for these capital assets is stipulated in the Tax 
Administration Agency reports, some might consider these values underrated, as they do not 
take into account the market values. This is a problem that any study considering human built 
structures and buildings faces, as can be seen in any day-to-day problem related to 
expropriations, where arguments over the value of urbanized or non-urbanized land surge 
between a state or authority and private stakeholders. 
The valuation of natural ecosystems is even more problematic. Although some recent studies 
consider the ecosystem service method, it must be considered a method yet to be fully 
developed. Some might even argue with the selection of this method to evaluate natural losses, 
but regarding this, the selection has been an attempt to capture the environmental essence of 
ecosystems, rather than taking the same approach as any real estate asset. 
The difference between socioeconomic and ecosystem losses emphasizes the existing gap 
concerning the two valuation methods. Whereas one may be easily valuated, the other has 
evidently proven difficult to put in economic terms. For this reason, future research is needed 
to continue to develop the ecosystem service method. It is not an underrating method per se, 
but it is evident it needs further works to fully value the functions an ecosystem provides. 
As can be seen in Annex II, this methodology breaks down an ecosystem into all the different 
functions it performs, directly or indirectly reporting a benefit to human society. This may ease 
the task of researchers, as they may concentrate on a unique function by a given ecosystem. In 
other words, all cells must be further developed, but they may be developed independently. 
Until the scientific community carries out further investigation on the matter, this approach will 
always underrate the value of ecosystems. 
For beach losses, the formula used in this project has lacked precision. In an attempt to focus on 
the local economic activities, the local GDP has been compared to the town’s area. A further 
detailed study could follow, offering an accurate portrait of the economic importance of each 
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particular beach. The method by itself has proven useful, it is the lack of data that has proven 
insufficient. A study comparing the economic activities derived from the sheer presence of the 
beaches in Catalunya could come in handy, and even more so on a local level. 
As for the case study, it has set a precedent for future cases. Should the aim of future studies 
call for exact measures, it is imperative to carry out a detailed study of flooded areas. The more 
precision on the definition of affected areas by coastal flooding, the more exact the results will 
be. This may call for topography studies and field recognitions of affected lands and structures, 
for further classification when performing the evaluation. 
Whereas the main problem in the definition of socioeconomic losses is the identification of the 
flooded area, in natural ecosystems the pass/fail adopted criterion might need further 
development. There is a strict line between a building or structure operability or non-operability, 
but this is not the case in natural ecosystems. An “all or nothing” criterion might seem 
insufficient to properly estimate natural losses, as an ecosystem might be partially harmed in 
numerous ways, not just destroyed or injury-free. 
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